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probabhr has a better knowledge of the history and development of the 
looomouve. It is with much fueasure we welcome the volume before us 
.... which, taken as a whole, is most interesting, and should be of 
value to all connected with the railway system of this country, as a book 
of reference."*JVa<wr0. 



i'' 



Safe 
Railway Working 



A POPULAR TREATISE ON RAIL TF AY ACCIDENTS 

THEIR CAUSE AND PREVENTION : WITH A 

DESCRIPTION OF MODERN APPLIANCES 

AND SYSTEMS 



BY 

CLEMENT E. STRETTON, C.E. 

AUTHOQ OF "the LOOOMOTXYB BNOIVB AKD ITS DSyKLOPMBXT," " THB HISTORY 
OF THB LBICK8TKB AKD BWANNINGTOK RAILWAT," BTC, ETC. 



WITH NUMEROUS ILLUSTRATIONS 



^hirb (Edition, re^bbeb attb eninr^eb 




LONDON 

CROSBY LOCKWOOD AND SON 

7, STATIONERS' HALL COURT, LTJDGATB HILL . 

1893 



-^ <^<Ji rs 




K^Uq 



LONDON : 

TAINTED BY J. 8. VIRTIK AND CO., LIMITKD, 

CITY ROAD. 




PEEFACE TO THE THIKD EDITION. 



During the year 1885, several members of both 
Houses of Parliament, and others interested in the safe 
and proper working of railways, applied to the Author 
for information relating to the causes of the various 
so-called railway accidents, and also as to the altera- 
tions, improTements, and appUances which might be 
considered absolutely essential to the safety of the 
general public and of the railway servants. A list of 
twenty-three requirements was drawn up, which in 
the opinion of the writer were at that time (November, 
1885), and still are, necessary, and all of which will 
have to be adopted and brought into general use before 
any great improvement in railway safety can be looked 
for or expected. 

At the expressed desire of engineering friends, as 
weU as railway officials, serrants, and passengers, the 
Author was induced to- prepare the First Edition of the 
present work to explain and illustrate the various 
mechanical appliances which conduce to the safety of 
railway travelling. 

From the time he entered the engineering profes- 
sion, twenty-seven years ago, the Author has devoted 
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much time and attention to the examination of appli- 
ances for railway safety, and having no interest of any 
kind in any appliance or apparatus used on railways, 
he can safely affirm that the 4w8 and opinions hereiil 
expressed are impartial, and based solely upon expe- 
rience derived f Jom a personal examination of the 
wrecks or debris of all the more serious accidents for 
many years past. 

Since the first publication of this volume, six years 
ago, several events of the first importance in relation 
to its subject have occurred — for instance, the serious 
accident at Hexthorpe ; the terrible collision at Armagh 
(the most serious which has ever happened on British 
railways) ; the collision at Carlisle ; and the lamentable 
disaster near Thirsk, two months ago. And since 
1887, also, by the Railway Regulation Act of 1889, the 
use of many of the safeguards mentioned or sug- 
gested by the Author has been made compulsory. 

In the present edition will be f o\md a record of im- 
provements made in railway appliances since the work 
was first published, while other improvements which 
are still much required are considered. 

The subject of the history of the Locomotive, which 
was briefly noticed in the second edition, has now been 
fully dealt with in a separate work of the Author's — 
"The Locomotive Engine and its Development,*' to 
which the attention of the readers of the present volume 
is invited. 

Clement E. Stretton. 

SAXB-Ck>BTTBa HOUSB, LmOESTEB. 

January, 1893. 
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SAFE EAILWAT WOREXNG. 



CHAPTER I. 

SUMMARY OP ACCIDENTS ON RAILWAYS DURINa THE 
YEAR 1891 AS REPORTED TO THE BOARD OF TRADE. 

43 COLLISIONS between passenger trains or parts 
thereof. 

69 collisions between passenger trains and goods 
trains. 

31 collisions between goods trains or parts thereof. 
42 cases of passenger trains or parts thereof leaving 

the rails. 

7 cases of goods trains or parts thereof leaving the 
rails. 

11 cases of trains travelling in the wrong direction 
through facing points. 

32 cases of trains running into stations at too high a 
speed. 

144 cases of trains running over cattle. 
49 instances of trains running through gates at level 
crossings. 

249 failures of axles. 
6 failures of couplings. 

B » 



2 SAFE RAILWAY WORKING. 

5 failures of brake apparatus. 
657 failures of tyres. 

4 failures of wheels. 

3 failures of bridges. 

256 broken rails. 

12 cases of flooding of permanent way. 

28 sKps in cuttings or embankments. 

2 fires in trains. 

14 fires at stations. 

The necessity for high platforms and continuous 
footboards is plainly shown by the fact that no less 
than 16 passengers were killed and 68 injured by fall- 
ing between carriages and platforms. 

14 passengers were killed and 429 injured by falling 
on to platforms^ ballast^ &c. 

Foot-bridges over, or tunnels under, the railways 
are much required at many stations and crossings ; 23 
persons were killed and 16 injured whilst passing over 
the line at stations, and 66 killed and 31 injured whilst 
passing over level crossings not at stations. 

The number of railway servants MUed and injured 
is again enormous; a very large proportion of these 
accidents occur during shunting operations and the 
marshalling of trains. 

6 passengers were killed and 111 injured whilst 
ascending or descending steps at stations. 

1 passenger killed and 61 injured by falling off plat- 
forms. 

Altogether the number of persons killed and injured 
on railways in the United Kingdom in the course of 
public traffic during the year ending 31st December, 
1891, as reported to the Board of Trade, was as 
follows : — 
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RAILWAY ACCIDEKTS. 



PERSONS KILLED AND INJUEED, 1891. 



Passengers. 

From accidents to trains, rolling 

stock, permanent way, &c. . 

By accidents from other causes . 

Servants of Companies or Contractors . 

From accidents to trains, rolling 

stock, permanent way, &c. . 

By accidents from other causes . 

Persons passing over railways at 

level crossings 

Trespassers (including suicides) . . 

Other persons not coming in above 

clasfimcation 



Total . . 



Year 1891. 


Killed. 


Injured. 


5 


875 


98 


737 


12 


154 


637 


3,007 


66 


31 


393 


161 


57 


95 


1,168 

1 


2,060 



Total for 
correspondin;; 
I>eriod in 1890. 



Killed. 



Injured. 



18 
100 



12 

487 

83 
329 

47 



496 
865 



147 
2,975 

35 
123 

80 



1,076 



4,721 



Note. — In addition to the above, the Companies have, in pursuance 
of the Act of 1871, reported other accidents which occurred on their 
premises, and the total number of personal accidents reported to the 
Board of Trade during the year 1891 amounts to 1,247 persons killed 
and 11,500 injured. 



Suggestions for Safe Railway "Working compiled 
BY THE Author in Reply to numerous 
Inquiries, November, 1885. 

1. It goes without saying that bridges, tunnels, 
stations, permanent way, and works must be properly 
constructed and efficiently maintained. 

2. All railways should be worked on the absolute 
block system, strictly carried out, so that no two trains 
of any kind should ever be in one section at one time. 
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3. The block and interlocking systems should be elec* 
trically combined and controlled, so that the safety of a 
block section shall be under the control of two signal- 
men. 

4. The block working at all junctions should be ar- 
ranged so that no two trains which can foul each other 
at the points and crossings shall ever be allowed to 
approach a junction at one and the same time. All 
sidings and goods lines joining main lines should be 
provided with properly interlocked safety points. 

6. Efficient signals should be employed, and the posts 
ought always to be placed upon the left-hand side of the 
line to which they refer. At large stations and junc- 
tions short arms or discs should be provided for con- 
trolling shunting operations, in order to avoid that 
most dangerous but common practice, hand signal- 
ling. 

6. One code of block system regulations, and one 
pattern of signal, should be adopted throughout the 
kingdom. All distant signals of that old-fashioned 
disc or board pattern should be at once replaced by the 
usual "swallow-tail" arm. A red light should be the 
only danger signal. The practice of using purple or 
other lights is highly dangerous. 

7. Facing points ought to be avoided as far as possible. 
All facing points, and points leading to main lines, ought 
to be provided with a locking bar and bolt, and properly 
interlocking with the signals and with the electric 
apparatus. 

8. At all junctions not only should the levers be 
locked in the box, but an actual lock should be placed 
upon the arm itself at the top of the signal post ; and 
in every case where the electric repeaters are used they 
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should work from the arm itself y not from the rod in the 
usual way. 

9. All passenger trains should be provided with an 
efficient automatic continuous brake, having brake blocks 
upon the wheels of the engine, tender, and every 
vehicle throughout the train, and fulfilling the five con- 
ditions laid down by the Board of Trade, August 30th, 
1877, and highly approved. To avoid the present 
dangerous practice of brake power being cut off and 
rendered useless by the introduction of an unfitted 
vehicle, it ought to be the law that one company 
shall not be allowed to send vehicles over the line of 
another company unless such said vehicle is provided 
with the same form of continuous brake as that used by 
such foreign company. 

10. AU goods engines should be fitted with brakes 
upon their wheels, and those occasionally required for 
passenger traffic should have continuous brakes. On 
lines having heavy inclines, goods and mineral trains 
should have two guard's vans and two guards. 

11. Tank engines should not run with the coal bunker 
in front ; they should be turned, like a tender engine, 
and always run chimney first. Tank engines should 
never be run at express speed, as they are unsafe at 
such speed. 

12. All passenger trains should be fitted with efficient 
means of communication with the driver and guards. 
Passengers should be able to reach it without putting 
their hands outside the window. The present cord 
system is unreliable, and the plan of having no com- 
munication on trains which stop every twenty miles is 
very risky to the public. 

13. All passenger platforms should be raised to the 
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standard height, and all carriages fitted with a high 
continuous footboard, to avoid persons falling between 
platforms and trains. 

14. The crank or driving axles of locomotive engines 
should be taken out after they have run a certain 
mileage. What the mileage limit should be ought to 
be at once decided by the companies and the Board of 
Trade. It is considered 200,000 miles for iron, and 
180,000 miles for steel, a very reasonable and safe 
suggestion for full consideration. 

15. All tyres should be fastened to their wheels, so 
that if they break they cannot fly oflE. 

16. All curves of ten chains radius and under should 
be provided with check rails. 

17. At all important junctions, to avoid the up main 
line being crossed by the down branch, or vice vcrsd, it 
is very advisable that the branch line be carried over a 
bridge and brought down to the main line level, as 
done at Finsbury Park and a few other junctions. 

18. All waggons should be fitted with a coupling, so 
that waggons could be coupled or uncoupled without a 
man having to go between the vehicles. 

19. Overwork on railways is highly dangerous, and 
ought to be abolished. Ten hours a day is plenty, and 
proper time for rest ought to be allowed between each 
term of duty. Eight hours of signal-box work, con- 
sidering its importance, should be enough ; and at 
very large and busy junctions six hours at a stretch is 
as much as should be required. 

20. Companies' rule-books should be revised, and all 
rules not intended to be carried out should be removed. 

21. Unpunctuality of trains is a great cause of acci- 
dents. When an important passenger train is running 
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late the working time-table is rendered useless^ as none 
of the trains booked to shunt at various sidings do so^ 
but proceed to some other siding, and are therefore 
unable to work as booked. When it is found, day 
after day, that certain trains do not keep time, the time- 
table should be properly altered in accordance vrith the 
actual running or time necessary. 

22. In case of fogs great care should be taken that 
the fog signalmen are sent out early enough ; but it is 
to be hoped that at no very distant date one of the 
various mechanical appliances will be adopted in place 
of fogmen. 

23. All inclines should be provided with ^' catch 
points ** to prevent vehicles running away. 



Several collisions have taken place between trains 
and light engines in consequence of the train driver 
not realising the fact that the one red light in front of 
him was upon the back of a tender. The author 
fails to see why the rear of a light engine shoifld carry 
different lights from those of a train ; in other words, 
it would be an advantage to provide tenders and tank- 
engines with the usual side-lamp irons in order that 
when running without trains they can carry the proper 
lamps. 



CHAPTER 11. 

PERMANENT WAY, ANCIENT AND MODERN. 

There seems to be a widespread impression that rail- 
ways came suddenly into existence as a complete system 
at the time when the Liverpool and Manchester Rail- 
way was opened in 1830, and little or no attention is 
paid to previous history, or to the reasons which led, 
step by step, to the various improvements and inventions. 

The railways of the present day owe their existence 
to, and are the practical result of, the wonderful develop- 
ment of the ancient tramways or railroads. The dis- 
covery that a horse could draw a much greater load 
upon a hard level surface than upon an ordinary road 
led to the introduction of ''stone tracks,*' which con- 
sisted of long narrow flagstones placed in parallel lines, 
upon which the cart-wheels ran. 

About the year 1630, it appears a Mr. Beaumont 
went to Newcastle-upon-Tyne, and to facilitate the con- 
veyance of coal from the collieries to the docks or 
shipping places, he introduced the "wooden way," con- 
sisting of cross sleepers placed about 2 feet apart, 
upon which were nailed wooden planks 6 feet long 
and about 4 inches wide. He likewise introduced 
four-wheeled waggons in place of the ordinary carts ; 
and in " The Life of Lord Keeper North" it is mentioned 
that "the carriage is §q easy that one horse will draw 
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down four or five cauldrons of coal, and is an immense 
benefit to the coal merchants." A book published by 
Mr. Gray in 1649 records the fact that Mr. Beaumont 
in a few years lost £30,000, which he "adventured in 
the mines." 

The waggon wheels in course of time wore away the 
upper surface of the wooden ways, and the next fact on 
record is, that instead of entirely replacing the old ones, 
new planks were nailed upon them. This plan was 
known as the "double way." It was again followed by 
the system of "plating" the wooden tracks with sheet 
iron, or by nailing iron plates or bars upon them. 
These became known as "plateways," and the men em- 
ployed to lay them down as "platelayers." It is hardly 
necessary to point out that this latter word remains in 
use to this day, but the difference between the "plates" 
of old and the present steel rails, 30 feet long, weigh- 
ing 85 lbs. per yard, is indeed striking. 

The iron-plated ways, as might be expected, very 
soon caused considerable wear to the wooden wheels, 
and about the year 1753 it appears that cast-iron wheels 
were introduced. 

In 1767, Mr. Reynolds, one of the partners in the 
Colebrookdale Iron "Works, Shropshire, suggested that 
the wooden plated ways should be entirely superseded 
by a cast-iron rail or plate, and that, in addition, 
an upright ledge or flange should be cast upon it, 
for the purpose of keeping the wheels upon the 
line. These rails were 3 feet long, 4 inches wide, 
having a " fish-backed " flange on the inner side, 
3 inches high at middle, and 2^ inches at the ends, 
fastened to wooden cross sleepers by a nail or spike 
driven through a bole, formed by a small s(][uare 
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piece being left out in each end of the castings. From 
the books of the Colebrookdale Company it appears 
that on the 13th November, 1767, between five and six 
tons of rails were cast, and at once laid down as an 
experiment. At first, it seems, they were not successful, 
being frequently broken, and in the following year 
(1768) the waggons were considered too large and heavy. 
These were, therefore, replaced by a number of smaller 
ones coupled together, thus reducing the weight upon 
any one rail, and distributing it over several yards of 
the way. To give additional strength to the plate rails, 
an improvement was made, consisting of a "fish-bellied " 
flange projecting downwards under the plate. 

In 1776 a somewhat similar cast-iron plate way was 
laid down by Mr. John Curr, at the Duke of Norfolk's 
Colliery, near Sheffield; the rails were 6 feet in length, 
the ledge or flange was 2 inches in height throughout, 
and was placed on the outer side of the track. Cross 
sleepers were employed under the rail joints. The two 
intermediate supports to each rail consisted of square 
wooden blocks, near each end of each plate, and at 
intervals of two feet, holes were cast for a nail to be 
driven into the sleeper or block. It has been claimed 
that Mr. Curr was the first to lay down the cast-iron 
way, but the date at once shows that such a claim is an 
error, as the Colebrookdale experimental line had been 
at work for nine years. It appears that the labouring 
people at the colliery did not understand the great 
future of the iron way, for they got up a riot, tore up 
and broke the rails and burned the sleepers. 

One of the greatest improvements was introduced 
(1789) by Mr. "William Jessop, when constructing a 
railroad at Loughborough, in Leicestersbiro, This 
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engineer decided to abandon the fiat wheels and fianged 
rails and to introduce iron rails with a flat top, and 
wheels with a flange cast upon the tyre. Mr. Jessop's 
rail was known as the " edge rail," because the wheels 
ran upon the upper edge. These rails were of cast iron, 
and were made at the Butterley Iron "Works ; 3 feet 
long, having a single head 1^ inches wide ; they were 
of the elliptical, or " fish-belly,'' pattern, that is, deeper 
in the centre than at the ends, it being considered that 
it combined the greatest strength with the least 
expenditure of material ; the gauge of this line was 
similar to that adopted for the plate ways, namely, 
5 feet outside. 

At one end of each rail a projecting base was cast, 
through which a square-headed pin or spike passed, in 
order to fasten that end of the rail to the cross-sleeper ; 
the other end of each rail had a projection which 
enabled it to firmly dove-tail to the next one. Great 
objection was at once raised to the " edge-rail *' on the 
ground that its narrow top would speedily cut the wheel 
tyres ; Jessop therefore decided to increase the width to 
If inches. It was soon found that the cast-iron pro- 
jections were broken off*, and the rails rendered useless, 
as there was then no way of fastening them ; this led to 
a great and important improvement. The base was 
removed from the rail itself, and cast as a separate 
" chair " or " pedestal " ; the rails were fastened by pins 
passing through holes in the upright sides of the chairs, 
and corresponding holes in the ends of the rails. 
Examination of official documents appears to show 
that Jessop introduced " chairs '* towards the close of 
the year 1799 or early in 1800. 

In 1793 the Bel voir Castle Tramroad was constructed 
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by the then Duke of Rutland, to convey coal from 
the Grantham canal to the Castle, a distance of about 
three miles. Jessop was the engineer, and the rails 
were in every respect similar to those he employed at 
Loughborough four years previously ; but in this case 
stone blocks were used in place of sleepers, and the 
gauge of the line was only 4 feet 7 inches outside. The 
stone blocks were about 14 inches square and 7 inches 
thick. By the time this volume is in the hands of the 
readers, the Bel voir Castle line will have been made a 
hundred years ; it has been in use the whole time and 
is still worked without any alteration. 

At the suggestion of the writer specimens of these 
interesting rails have lately been taken up and sent to 
Chicago Exhibition, to South Kensington Museum, 
and to the Leicester Museum. 

In 1797, Mr. Barns, when laying down a railroad at 
the Lawson Colliery, Newcastle-upon-Tyne, used "stone 
blocks " 1 foot square and 8 inches deep, instead of 
wooden sleepers, and in 1800 Mr. Outram also used 
" stone blocks " upon a line he laid from the collieries 
near Little Eaton, Derbyshire. The dates plainly show 
that Mr. Outram was not the first to adopt the " stone 
blocks," but, nevertheless, he obtained all the credit, 
for this description of line was called the Outram road 
or way, which very soon became shortened into '* tram- 
road " and '* tramway." 

The Ashby Canal Company, under an Act of 1794, 
constructed a canal from Ashby-de-la-Zouch (Leicester- 
shire) to Coventry, and obtained powers to extend it to 
Ticknall and Cloud Hill Lime Works, &c., but the 
directors, seeing the advantages of the " tram-road," 
abandoned the latter part of their canal scheme, and 



THE ASHBt TRAMROAD. 13 

laid the Ashby, Ticknall, and Cloud Hill tramways, the 
rails employed being the cast-iron "plate" pattern, 
3 feet long, with the flange on the inner side, similar 
to those originally introduced at Colebrookdale, to 
which reference has already been made. The old 
Ashby tramroad and branches became the property of 
the Midland Railway Company, by virtue of an Act of 
1846, and one part has since been altered and absorbed 
into the Ashby and Worthington Railway, but the 
branch from Ticknall Tramway "Wharf to Ticknall has 
never been relayed or altered in any way, and is there- 
fore a specially interesting relic of ancient times. In 
these days, to see waggons with flat wheels drawn over 
cast-iron plate rails one yard in length by a horse, 
cannot fail to interest those who watch the progress and 
working of railways ; and it most clearly shows the 
great improvements made, and the perseverance which 
has been required to develop the present gigantic rail- 
way system out of such small beginnings. 

In 1801 the Surrey Iron Railway Company obtained 
an Act, and afterwards speedily constructed a tramroad 
from Wandsworth to Croydon ; and Sir Richard Phillips 
wrote : "I found delight in witnessing, at Wandsworth, 
the economy of horse labour on the iron railway, and 
thought such lines should be extended from London 
to Edinburgh, Glasgow, Holyhead, Milford, Falmouth, 
Yarmouth, Dover, and Portsmouth.*' The idea that 
railways should be laid over the country was generally 
considered at that time tp be perfectly absurd. 

An important tramroad six miles in length was 
also laid in Derbyshire, known as the Peak Forest 
line. 

Wrought* iron rails were first used in 1805 by Mr. 0. 
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Nixon, and were laid down at Walbottle Colliery, near 
Newcastle-upon-Tyne. They were 2 feet long, 3 inches 
deep, and had a head li inches wide. 

Similar wrought-iron rails were laid down at Lord 
Carlisle's Colliery, Tindale Fell, Cumberland, in 1808, 
but this material did not come into general use. 

In 1815 Mr. Birkinshaw, of the Bedlington Iron 
Works, commenced to roll wrought-iron rails, 15 feet 
in length, 3 inches in depth, and having a single head 
If inches wide ; he supported the rails by chairs placed 
3 feet 9 inches apart. A number of these rails were 
laid down experimentallj'', but they did not find favour, 
as many persons contended that the narrowness of the 
upper surface would cut grooves in the wheels, a pre- 
ference being therefore shown for the old plate- rail, 
and experience proved that the loads caused the rails to 
bend between the chairs. 

In 1816 a patent (No. 4,067) was obtained by William 
Losh and George Stephenson for a half-lap rail-joint, 
in which the sides of the rails were bevelled away for 
about 2J inches, so that when the two bevelled ends 
were laid, they formed the same breadth of surface as 
at the other parts of the rail, an iron pin passed 
through the sides of the chair and the halves of the 
two rail ends ; they also suggested a wheel with a broad 
flat flange, suitable to run upon either the plate or edge 
rails. 

A very useful wrought-iron rail was next manu- 
factured at the Bedlington Iron Works in 1816, which 
consisted of a combination of both the plate and edge 
rails, and having a high outer side and a low one ; 
wheels with flanges ran upon the high or edge side, the 
flat wheels on the inner or low-plate side. These rails 
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vere in 16 feet lengths, 
the ends being dovetailed 
together ; they were some' 
times apiked directly to 
the stone blocks, but more 
generally placed in shallow 
chairs, and secured with an 
iron key. 

In October, 1820, Mr. 
Birkinshaw, of the Bed- 
lington Iron Works, near 
Durham, obtained a patent 
(No. 4,503) for an im- 
proved mode of rolling 
railway rails (Fig. 1), 

These rails were of 
wrought iron, of the ellip- 
tical, or more generally 
known as the "fish-bel- 
lied " pattern, nominally 
15 feet in length, but from 
measorement the author 
finds them to vary from 
i inch to IJ inches more 
than this length. They 
were divided into bear- 
ing lengths of 3 feet be- 
tween the chairs, and, when 
new, weighed 28 lbs. per 
yard; they had a single 
head only, 3^ inches in 
width. The peculiar fea- 
ture was that the underside 
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of the rail was curved. It was considered in the early 
days of railways that extra strength was required 
between the chairs (at c), and that it would give 
uniform strength throughout if the extreme depth of 
the rail at the centre between the chairs was 3 J inches, 
tapering away in a semi-elliptic curve to 2J inches at 
the chairs (d). 

On one side of the rail a lateral swell was rolled, and 
continued through the whole length ; but on the other 
side it terminated at (e) before reaching the chair, thus 
forming the sections shown at (f). The chairs were of 
cast iron ; on one side a cavity (g) was formed corre- 
sponding to the lateral projection on the rail, on the 
other side of the chair a similar cavity was cast for the 
purpose of receiving a long thin wrought-iron key (h), 
which pressed the projection on the rail into the cavity 
in the chair (g), thus preventing the rail from rising 
upwards. 

Mr. Birkinshaw proposed to weld a number of rails 
into a long continuous rail, but this plan was not tried. 
Mr. George Stephenson highly approved of Birkinshaw's 
" fish-bellied" rail and adopted it for all his early lines. 
The Stockton and Darlington, and Canterbury and 
Whitstable, had rails weighing 28 lbs. per yard ; on 
the Liverpool and Manchester, and Leicester and 
Swannington, he used 35 lbs., and afterwards 50 lbs. 
on the London and Birmingham. 

On the Liverpool and Manchester, and Leicester and 
Swannington Railways wooden sleepers were used upon 
embankments, and " stone blocks " in cuttings. The 
cross sleepers (a) were placed 3 feet apart between 
centres ; these were of oak, 8 feet 6 inches in length, 
8 J inches wide at base, 4 J inches thick, of half-round 
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section, bound at each end with a strong iron hoop, the 
chairs being fastened to them by two spikes. 

The " gauge of rails " may here receive attention, as 
the question is constantly asked why 4 feet 8^ inches 
was adopted. 

The " wooden way '' introduced by Mr. Beaumont at 
Newcastle-upon-Tyne, about the year 1630, is shown 
Fig. 1 (p. 18). The planks were nailed to cross sleepers, 
the outside width or gauge being 5 feet, in order that 
the ordinary coal-carts of that period could be run on 
the track. 

The cast-iron plate- way introduced at Colebrookdale 
Ironworks, 1767, is shown Fig. 2, the outside width 
of which was also 5 feet. 

Mr. William Jessop, in 1789, introduced the " edge 
rail " (Fig. 3) ; he adhered to the gauge of 6 feet out- 
side, and as in 1794 his rails were made If inches wide, 
the width of two rails, or 3 J inches, deducted from the 
5 feet outside measurement^ leayes the present 4-foot 
8J-inch gauge thus : — 

Width of line outside . . • • 5 ft. in. 
Width of two rails (1} in. each) . . ft. 3} in. 

Leaying width between the rails . . 4 ft. 8} in. 

It will thus be seen that the origin of the 4-foot 
8^-inch gauge is due to the fact that in ancient times 
the outside measure was taken, whereas now we take 
the inside measurement. 

All statements as to the allowance of an extra half- 
inch, or that the platelayers* gauges were in fault, are 
absurd and not founded on fact. 

George Stephenson saw no reason to alter the 
gauge, therefore he adopted 4 feet 8J inches for 
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the Stockton and Darlington, and the Liverpool and 
Manchester Railways, and, when consulted as to the 
gauge for the Leicester and Swannington, and the 
Canterbury and Whitstable Railways, he replied, 
" Make them of the same width ; though they may be 
a long way apart now, depend upon it they will be 
joined together some day/' The " fish-belly " rails, 
15 feet long, were adopted for all these lines. 

The Stockton and Darlington railway scheme was 
one of the important turning points in the railway 
history. George Stephenson was appointed engineer, 
and application was made to Parliament in 1818 ; 
twice the Bill was rejected, but it passed in 1821, and 
on Tuesday, 27th September, 1825, this, the first public 
railway in the world, was opened for traffic. The 
engine which drew the first train, and, in fact, the 
only engine the company at that date possessed, was 
constructed by Messrs. Stephenson & Co., for the Stock- 
ton and Darlington line, in 1825, and was named 
" Locomotion." The handbill issued September, 1825, 
announcing the intended opening of the first public 
railway, proudly and emphatically describes "Loco- 
motion " as " The Company's Locomotive Engine and 
the Engine's Tender." It was not at first intended 
to work this railway by locomotives, and some fixed 
engines and ropes had been provided, but the loco- 
motive quickly proved its superiority over all other 
systems. 

The Liverpool and Manchester has been truly desig- 
nated as the Grand British Experimental Railway. 
George Stephenson was in this case also appointed 
engineer, and the line was opened to the public 15 th 
September, 1830. Some time before the opening, the 
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question of locomotive, or fixed engines and ropes, 
naturally came before the directors, as it was necessary 
to arrange for working the line ; and, notwithstanding 
reports, the directors did not feel able to come to a 
decision, when one of their number — Mr. Harrison — 
proposed, " That a reward be publicly offered for the 
most likely mode of effecting their object ; " and on 
the 20th April, 1829, it was resolved to offer a premium 
of £500 for the best locomotive engine, subject to 
eight conditions as to weight, load, pressure of steam, 
price, &c., and the offer was made on the 25th April. 

October 1st, 1829, was fixed for the trial, but was 
subsequently altered to the 8th, the running ground 
being on the Manchester side of Bainhill Bridge ; and 
the following engines were entered for the prize : — 

Engine. Maker. 

The Rocket G. Stephenson. 

The Novelty Braithwaite and Ericsson. 

The Sans Pareil Hackworth. 

The Perseverance Burstall. 

The result of the trial (which lasted from the 8th to 
14th October) conclusively proved that the "Rocket " 
of Mr. Stephenson was the best engine, and the prize 
of £500 was consequently awarded, as it had per- 
formed all the conditions and stipulations required by 
the company. It will thus be seen that the Rainhill 
trials of 1829 settled the locomotive question, and led 
to the introduction of railways throughout the world. 

It has been mentioned that the " elliptical " rail was 
adopted with a view to obtaining uniform strength 
throughout its length ; experience, however, proved 
that this was not the case in practice, as all the rails 
which broke failed at a point between 7 in. and 9 in. 
from the nearest chair. It was also shown that 
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after one side of the top was worn, the rail could 'not 
be used on the other without the chairs being taken up 
and turned round ; also that it was very inconvenient 
in practice that chairs could only be placed at certain 
points — that is, at the shallow parts of the rails. 

To avoid these defects a rail was designed having a 
single head, but the under side was made straight and 
parallel to the top : this was known as the '* single 
parallel pattern," These rails were 15 ft. in length, 
and were secured to' the chairs by a ball and key 
fastening; a groove was rolled in one side of the 
rail into which a small cast-iron ball fitted, this ball 
being in turn held firm by a wrought-iron key passing 
through the chair. This system of rail and fastening 
was largely used on the North Midland, Manchester 
and Leeds, Birmingham and Derby Junction, and 
many other lines. Mr. Locke adopted the '^double 
parallel rails," and laid them down on the Grand 
Junction Bailway. These had double heads, and were 
therefore capable of being turned ; they were placed 
in chairs 3 ft. apart, and secured by wooden keys. 
From this description it will at once be seen that Mr. 
Locke's system of 1837 is the one in general use at the 
present day. 

Great difference of opinion existed as to the merits 
of the various forms of rails. The directors of the 
London and Birmingham Railway, being in doubt, 
employed Professor Barlow to conduct a series of 
experiments. He did so, and reported in favour of 
Locke's "double parallel," and against Birkinshaw's 
"fish-bellied" rail, and this report led to the very 
general adoption of the former system. 

Soon after the opening of the Leicester and Swan« 
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nington Railway, which took place 17th July, 1832, 
opinions were expressed against wooden sleepers, 
especially in cuttings. It therefore became the fashion 
to adopt " stone blocks,'' aDd, to consolidate the road- 
bed, it was the general practice to lift each block by 
means of a lever, and allow it to fall several times on 
the seat upon which it was intended ultimately to rest. 
This method of obtaining a firm road was first employed 
by Mr. Stephenson on the Liverpool and Manchester line. 

Nothing can be worse than a rigid permanent way, 
but in the early days of railways this fact was not 
known or understood, consequently very many ideas 
and inventions proved failures. They provided a very 
strong road, but the rigidity was so great that the 
permanent way and roUing-stock were jarred to pieces, 
not worn out by ordinary working, thus clearly show- 
ing that a certain amount of " elasticity " was abso- 
lutely necessary. When Mr. Brunei originally designed 
the permanent way for the Great Western Railway, a 
peculiar feature was introduced (in addition to the 
broad 7 ft. gauge and the longitudinal sleepers), 
which consisted in the employment of piles driven in 
pairs along the whole length of the way, at intervals 
of 15 ft. ; these piles were of beech, 10 in. diameter, 
12 ft. long, driven down into the earth so that the top 
of each was nearly level with the rails, and to the tops 
of these piles the cross timbers were firmly bolted, 
which in turn held the longitudinal sleepers. This 
plan was carried out in 1838—9 between London and 
Maidenhead, but the results very quickly induced Mr. 
Brunei to abandon the piles and lay the timbers on 
the ballast in the ordinary way. 

Practical working soon proved that the " pile '* 
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system was nearly as rigid as the *' stone block road," 
and when the ballast subsided, as it constantly did^ 
the whole weight was placed upon the piles. 

Another attempt to obtain a firm permanent way 
was made upon the Manchester and Leeds Railway in 
1839. One part of the line passed for some distance 
through a rock cutting, and, instead of using sleepers, 
the solid rock was dressed to a surface, and the chairs 
spiked directly to it. The company's officials con- 
tended, and expected that this portion of line would 
stand firm for ever. However, the road was so rigid 
that if a train passed over it at more than a walking 
pace, rails and springs were broken, and in less than 
three weeks from the opening of the railway orders 
were given for the rails to be taken up and placed 
upon sleepers in the ordinary way. 

Mr. Jesse Hartley constructed some parallel walls 
of granite, upon which he bolted the rails. The rigidity 
was so excessive that rails, tyres, and springs were 
broken daily, and the plan proved a complete failure. 

A report contained in the Leicester and Swanning- 
ton Company's books, dated May, 1842, shows that 
the " stone blocks " which had replaced many of the 
sleepers required constant attention, lifting, packing, 
and keeping to gauge, also that " the riding over them 
was harder than on the oak sleepers." 

However, *' stone blocks " remained in use on many 
lines for a period of over forty years, and some even 
exist in sidings and branches at the present day in 
various parts of the country. 

During the years 1847—51 great attention was 
given to the subject of iron permanent way, it being 
the general opinion at that time that wooden sleepers 
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were of too perishable a nature. Many inventions 
were tried. The one wliich appears to have been most 
successful was P. W. Barlow's patent. This system 
bad cast-iron sleepers placed longitudinally. Each 
sleeper consisted of an inverted trough 4 ft. 8^ in. 
long, 1 ft. 1^ in. wide, and 3 in. in height, with the 
chairs upon it, cast in one piece, the wooden keys 
being placed inside; the rails were of iron, 18 ft. long, 
double-headed, and fished at the joints ; the gauge of 
the line was maintained by a wrought-iron transverse 
tie-bar attached to the sleepers. The "iron road'* 
was tried upon several sections of the Midland Rail- 
way, especially through tunnels. The first portion 
laid was slightly over a mile in length, and extended 
through the Glenfield Tunnel on the Leicester andSwan- 
nington branch, the next being the Thackley Tunnel, 
Shipley, followed by the Gresley Tunnel, near Burton, 
and many others. Experience quickly proved that this 
system was too hard and rigid, and, as the weight of 
engines graduaUy increased, the cast-iron sleepers were 
constantly broken. For a number of years past the 
Glenfield Tunnel was the only remaining portion of 
the iron road in use, and on this account the mouth 
of this tunnel has been constantly visited by engineers 
and others who wished to examine these old links in 
the history of permanent way ; but in March, 1884, 
the removal of the cast-iron road was completed, after 
having been in traffic over thirty-two years. 

The W. H. Barlow " Saddle-back*' wrought-iron rail 
was designed to dispense with sleepers and chairs alto- 
gether, the foot of the rail being considered wide enough 
to obtain the necessary bearing surface upon the ballast, 
the gauge being maintained by wrought-iron tie-rods. 
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The fatal objection to all rails of this type was found 
to be their rigidity, and the great disadvantage of the 
impossibility of properly packing them. 

One of the first requisites for a railway is a good, 
sound permanent way, placed upon a well-drained and 
properly ballasted road-bed. This is a subject of very 
great importance, and deserves far more attention than 
is sometimes bestowed upon it, for there can be no 
doubt that good ballast is to a railway what a good 
foundation is to a building; defective drainage and 
ballast often cause subsidence and lateral deviation, 
increase the cost of maintenance both of road and 
rolling-stock, and, what is far more serious, will pro- 
bably render the line unsafe and lead to an accident. 

It may often be noticed on badly-drained railways 
that water lies under the sleepers, and that when a train 
passes, mud is thrown up as each sleeper in succession 
sinks under the pressure of every wheel, the fish-joints 
bend and spring back, the rails rise and fall in the 
chairs with a clattering noise, the wooden keys shake and 
often fall out ; thus the permanent way is strained, and 
consequently the trains oscillate considerably. Having 
obtained a good dry road-bed, it is necessary to con- 
sider the requirements of the permanent way and the 
duties it has to fulfil. In the first place, it must be 
strong enough to carry the loads which pass over it, and 
also to resist the lateral action due to speed and oscilla- 
tion, which tends to the " spreading " of the rails. 

It must be specially remembered that when speaking 
of the load on the permanent way the author does not 
refer simply to the total weight of the engine or vehicle, 
but to the maximum weight which is or can be placed 
upon it at any one point ; that is, upon any one pair of 
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wheels. Therefore a heavy engine of 38 or 40 tons, 
having the weight well distributed over six or eight 
wheels, will not cause as much wear and tear or damage 
to the permanent way as a comparatively light engine 
with a great weight placed on one pair of wheels. Many 
locomotive engines are in use in this country having 
16, 17, and nearly 18 tons resting upon a single pair 
of driving-wheels ; and it is this great concentration of 
weight which forms the principal difficulty which per- 
manent-way engineers have to overcome. 

Bails may be considered as girders ; they must have 
strength enough to carry the load which rolls over 
them, and sufficient bearing upon the chairs ; the chairs 
must have a good bearing to prevent their being crushed 
down into the sleepers, and in like manner the sleepers 
must have surface enough to prevent their being crushed 
into the ballast ; the spikes and tree-nails must resist all 
lateral action and maintain the gauge of the line. Per- 
manent way, therefore, must be strong and firm, but at 
the same time possessing a certain amount of elasticity ; 
it is very necessary that the elasticity should be uniform 
throughout, and not a system of alternate elasticity and 
rigidity, in which it serves to aggravate the rigidity by 
causing a succession of jumps and jerks. 

Previously to the year 1847 rail-joints were placed 
over sleepers in joint-chairs, which were wider than the 
ordinary ones. The joint thus made was never satis- 
factory, and upon several occasions the keys fell out of 
the joint-chairs, and trains or vehicles left the line in 
consequence. The well-known "fish-plates" were intro- 
duced by Mr. Bridges Adams in 1847, and it is hardly 
necossary to point out that they are very successful, 
and are now in universal use. 
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About the year 1847 great difference of opinion 
existed as to the advantages of the ''suspended fish- 
joint/' and of the ''joint supported by a sleeper/' 
Engineers had become so used to the supports placed 
under the joints that great objections were raised to 
fish-plates and joints suspended between two sleepers, 
and several inventions were tried with a view to obtain 
a compromise. Mr. Samuel intijoduced a bracket-chair, 
which was largely used. It consisted of a chair and 
fish-plate combined, the fish on one side being cast with 
the chair and an ordinary fish-plate placed on the other 
side, four bolts being employed in the ordinary way. 
A somewhat similar chair and fish-plate combined was 
afterwards introduced by Mr. Adams, who also designed 
a modification of the joint-chair and fish-plate capable 
of uniting the ends of rails of different heights and 
sections, but they have given place to the usual fish- 
joint. 

There can be no question that the suspended fish- 
joint gives greater elasticity, and renders the deflection 
of every part of the permanent way as uniform as pos- 
sible under the weight of a passing train. The author 
has for a long time directed the attention of permanent- 
way engineers to a matter which on many railways 
requires improvement, namely, the positions of sleepers 
on each side of a rail-joint. To obtain a good sound 
road a chair and sleeper should be placed on each side 
of a joint as near as possible to the fish-plates ; from 
the joints of the rails to the centre of the nearest chair 
on either side should never be more than 12 or 13 inches. 
Doubtless many of my readers often see sleepers brought 
close up to the joint on one side, whilst the centre of 
the next sleeper may be 2 feet or 2 feet 6 inches on the 
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other side. This is a common, but at the same time an 
objectionable practice. To obtain a smootb road uni- 
formity of elasticity and deflection is very necessary, 
for if the deflection be not equal throughout, pitching 
motion is at once created, followed by violent oscilla- 
tion, which is detrimental to the permanent way itself 
and injurious to the locomotives and rolling-stock. It 
has already been mentioned that the system of fastening 
rails by wooden keys was originally introduced by Mr. 
Locke upon the Grand Junction Railway ; Mr. Barlow 
afterwards invented a hollow wrought-iron key of a 
similar shape to the usual wooden one ; those were tried 
for a short time, but their use proved that elasticity in 
keys was absolutely necessary. 

A large number of other systems were tried, and 
proved failures solely on account of their extreme 
rigidity. The position of rail-keys has recently engaged 
considerable attention, in consequence of the change 
made by the Midland Railway Company. 

On the majority of lines the keys have always been 
placed outside the rails, and previously to the year 1850 
this was the usual plan ; at that time, and during the 
ten following years, the Midland Company employed 
both the " outside " and " inside " systems, and found 
that the keys placed " outside '' came out of the chairs 
to a serious extent ; on some occasions three and even 
four consecutive keys were found to be out, the result 
being that there was nothing to prevent the train from 
'^spreading the road'' to a dangerous extent, and cases 
did actually occur of vehicles leaving the line in conse- 
quence. The company therefore, in 1860-1, considered 
that the inside position was to be preferred, as if the 
keys should come out there would be no da^ger, the 
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gauge of the line being maintained by tbe outer jaw of 
the chair, and not by the key. It was also considered 
that platelayers would more conveniently examine their 
lengths of permanent way when they could see the keys 
of both rails at one time. 

The inside keys gave general satisfaction for several 
years, and there was no doubt that the system made a 
good strong road ; the question is whether it was not 
too strong, amounting to rigidity, for since the weight 
of engines and rolling-stock has increased, the number 
of broken chairs has become a very serious matter for 
consideration and attention. 

Complaints have for a long time been made that 
Midland trains appear to run '* harder " and more 
" noisily " than those of some other lines. 

One cause of " noise " is doubtless to be found in the 
inside keys, and another in the low system of ballast- 
ing. The recent decision of the Midland Company to 
adopt outside instead of inside keying has called atten- 
tion to the whole question of permanent way, and pro- 
moted considerable discussion in engineering circles. 
The advocates of the inside and outside systems appear 
to have been very equally divided, and powerful argu- 
ments have been brought forward upon each side ; but 
it must be admitted that the introduction of wood 
between the rail and chair will provide the necessary 
elasticity which is so evidently required to prevent the 
continual breakage of chairs. 

Experiments are being made to obtain some really 
good system of preventing keys working out of the 
chairs. Several plans are being practically tested 
upon parts of road with the heaviest traffic. Good 
results have been attained by the use of the chairs 
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wLich are roughed or have teeth on the inner side of 
the jaw. 

It will Tbe noticed upon many railways that the 
sleepers and the undersides of the rails are covered 
with ballast. This tends very materially to insure 
quiet running ; but, on the other hand, in rainy 
seasons it keeps the permanent way in a wet state, 
unless very well drained. The Midland Company 
adopted the plan of never allowing the ballast to cover 
the sleepers, thus insuring a dry road, but at the same 
time a noisy one. This plan is now abandoned, and 
the ballast is being raised upon all relaid portions of 
the line, which, together with the outside keys, has had 
the desired effect of reducing noise and vibration. In 
shunting-yards and sidings the ballast should always 
be raised (both between the rails and in the six-foot 
way) to the level of, or very little below, the top of the 
rail. Many guards and shimters are annually killed 
and injured by catching their feet against the tops of 
the rails when stepping under the buffers of waggons, 
either to couple or uncouple them, and, of course, any 
slip made at such a critical moment is almost certain to 
result in serious consequences ; and, as the raising of 
the ballast to the required level in shunting-yards is 
such a very simple and inexpensive matter, it is to be 
hoped the companies will do all in their power to 
reduce the danger as far as possible. At the present 
time permanent way may be divided into two classes : — 

1, The cross-sleeper road in general use. 

2. The longitudinal system used on the Great 
"Western Railway. 

Rails may be considered under four classes : — 
1. Single or bull-headed. 
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2. Double-headed. 

3. Bridge pattern. 

4. Vignole's pattern. 

Various companies make differences in detail, but 
the Midland may be selected as a fair example of the 
ordinary 4-foot 8|-inch gauge, cross- sleeper road, as 
follows : — The rails are of steel, "bull-headed," 30 feet 
long, 5§ inches deep, width of top 2f inches, weighing 
85 lbs. to the yard, having a sectional area of 8 square 
inches, and are laid with an inclination of 1 in 20 
towards the inside, or four-foot way. The chairs are 
of cast iron, each weighing 50 lbs., and are fastened to 
the sleepers by two iron spikes and two oak tree-nails. 
The sleepers are rectangular, 9 feet long, 10 inches 
wide, 5 inches thick, weighing 134 lbs. each, and placed 
at a distance of 3 feet apart between centres, except at 
the joints, where they are only 2 feet 2 inches apart. 
The fish-plates are upon the clip pattern — ^that is, they 
clip the rail by nearly meeting under it. They weigh 
40 lbs. per pair, and the four bolts 1*68 lbs. each. To 
obtain correct data, the materials have been carefully 
weighed, and it is found that one yard of permanent 
way averages — 

• Lbs. 

Steel 170 

Wrought iron 14*9 

Cast iron 110 

Wood 151-9 

Total . . . 446-8 

Double-headed rails, capable of being turned, are in 
use on many railways ; the general details of road are, 
however, very similar to the above. 

" Turned '' rails should never bo used on any 
passenger line, both on account of the jar caused by 
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running over the chair-marks, and also the increased 
liability of a rail to break when turned. The longitu- 
dinal system of sleepers was employed by Mr. Brunei 
for the broad gauge Great Western Railway, and was 
afterwards adopted in all cases where the seven-foot 
gauge was laid. The longitudinal timbers or baulks 
are of yellow pine, creosoted; they are rectangular, 
14 inches wide, 7 inches thick, varying in length from 
25 to 35 feet, and weighing about 40 lbs. per cubic 
foot ; the gauge is maintained by transoms secured to 
the longitudinals by tie-bolts or iron-straps. The rails 
are of steel, of the " bridge pattern," varying in length 
from 18 to 30 feet, and in weight from 62 to 68 lbs. 
per yard. The 68-lb. rails have a sectional area of 
7 square inches, and are 6^ inches wide at the foot, 
and 3 inches high ; they have a continuous bearing on 
the longitudinal timbers, to which they are fastened 
by fang-bolts passing through holes in the flanges. It 
has been found that the rails are in time pressed into 
the timbers, and, to avoid injury to the latter, packing 
1 inch thick of yellow pine is generally placed under 
the rails. May, 1892, witnessed the " death of 
the broad gauge," and the conversion of the Great 
Western Railway to the national 4-foot 8J-inch 
gauge. The Vignole's system is only employed to a 
limited extent, and consists of a single-headed rail with 
a flat foot. It is used either with or without chairs, 
on either cross or longitudinal sleepers. During the 
year 1891, 256 broken rails were reported ; of these 
88 were double-headed, 144 single or buU-headed, and 
9 were of the bridge pattern, and 23 Vignole's pattern. 
Of the double-headed rails, 62 had been turned^ 30 rt^ils 
were made of iron, and 226 of steel. 
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The old system of slide points has long ago become 
extinct upon all railways, but may still be seen in use 
on temporary lines and colliery sidings. By this 
arrangement a single pair of rails was fastened at one 
end by bolts, the other ends being capable of being 
moved sideways, so as to connect with two, three, or 
even four lines of way. The present form of points 
consists of two outer or fixed stock rails, and two inner 
or movable switch rails, tapered to a point or tongue. 
These point rails are fixed at the heel-end by either a 
pair of fish-plates or a heel-chair. Points, although 
of one construction, are known under various names, 
according to the position in which they are employed. 
Facing, trailing, slip, double slip, leading, cross-over, 
safety and catch points, their names clearly indicating 
their several uses. Facing points at junctions, and 
leading points from goods lines or sidings to main 
passenger lines, should always be provided with lock- 
ing bars and bolts, and be properly interlocked with 
the signals giving permission for a train to run in any 
desired direction. Crossings are of two kinds, the 
ordinary rails cut and joined, and cast-steel crossings 
complete in one piece. Crossings deserve far more 
attention than they sometimes receive, for if check- 
rails are allowed to become loose, and crossings to get 
out of position, it is a very easy matter for the leading 
wheel of an engine to strike and mount the fixed point 
of the crossing, thus throwing a train off the line ; as 
was the case at Wennington Junction on the Midland 
Railway, 11th August, 1880, when eight persons were 
killed, and a very large number seriously injured. 
There is a common but very dangerous practice in use 
on some lines, of laying rails round curves tight to 
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gauge, that is, at a less width than 4 'feet 8^ inches. 
Many accidents have been thus caused, and the author 
finds that nothing conduces to easy and safe running 
on curves so much as a little extra width in the gauge. 
All sharp curves of ten chains radius and under should 
be provided with a check-rail placed round the inner 
side ; the outer rail should be sufficiently super-elevated, 
and the speed of trains carefully reduced and regulated. 
Engines having a long rigid wheel base ought not to 
be employed on lines having sharp curves. The super- 
elevation of the outer rail is usually determined by the 

following formula : W .. ^^ ^ = elevation of outer 

rail in inches. Where "W" := gauge in feet, V = 
velocity of train in miles per hour, and R = radius of 
curve in feet. 

The following table and diagram proves of great 
practical value in determining the proper " cant,'* or 
fluper-elevation, to be given to the outer rail in curves 
ranging from 10 to 200 chains radius. 




I 



Fig. 3. — Railway Curve. 
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Take a 66-foot tape and stretch it along the inner 
rail of the inside of the curve (from 1 to 2 on the 
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annexed diagram), then with a rule measure the distance 
in inches between the tape and the inner edge of the 
rail to obtain the offset, 3 to 4. 

The following table gives the offsets, radius of curves 
in chains, and the proper "cant" of outside rail : — 





Corresponding 

radios of curve 

in chains. 

10 . 

15 . 

20 . 

30 . 

40 . 

60 . 

60 . 

70 . 

80 . 

100 . 

120 . 

140 . 

160 . 

200 . 



Having measured the " offset," look for the corre- 
sponding distance in the first column of table, opposite 
to which, in the second column, will be found the radius 
of the curve in chains, and, in the third column, the 
'* cant " showing how much the outer rail must be raised 
above the inside one. 

If we take a case in which the " offset " is found to 
be 2 inches, the table gives the radius as equal to 
60 chains, and the outer rail must be raised 2J inches. 
The super-elevation must, of course, be gradually 
attained as the curve is approached, and must run out 
gradually after passing from the curve to the straight 
line. 
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Points and Crossings. 
An Ordinary Double Line Junction. 

Several cases have recently occurred in which engine 
wheels have struck points or crossings, and thrown 
trains ofE the line (as described p. 33).* 

Fig. 4 illustrates an ordinary junction of two double 
lines of railway. At the right-hand side will be seen 
two pairs of points; the pair marked (1) are facing 
points, and cause trains to diverge; those marked (2) 
are trailing points, and permit traffic to converge. 
The fixed rail (3) against which the switch closes, is 
the stock rail. The movable rail (4) is the switch, the 
wide or fixed end is the heel, and the thin end the 
point or tongue of the switch. A common or V cross- 
ing (5) consists of two rails joined together in the form 
o/ a letter V (6), and two wing-rails (7). 

The wing-rails at a common crossing only carry the 
wheels until they are transferred to the V point, the 
remainder of the rail being simply a check-rail; a 
common check-rail (8) is placed on the opposite side to 
a V crossing, its object being to keep one wheel in its 
true and proper position, so as to render it impossible 
for the flange on the other wheel upon the same axle 
to strike the V point. 

The crossing of the down main, and up branch line, 
forms a " diamond '* (9). Some engineers and plate- 
layers are in the habit of describing all the four cross- 
ings at the comers of this " diamond," as " diamond 
crossings." This is an error which frequently causes 
much confusion. The four crossings are all part of one 
diamond, but the two crossings, one at either end (5), are 
Y crossings, and only the two at the sides (10) are» 
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diamond crossings. A diamond crossing (10) consists 
of a wing rail (11) upon which the wheels run, two 
diamond points (12) which receive the wheels from the 
wing rail, and a winged check rail (13) upon which no 
wheel runs, its object simply being to check the flanges 
and keep them clear of the diamond points (12). When 
a gang of platelayers commences to put in a double line 
junction, the following special rails are required in 
addition to the usual railway rails : — 

Marked. 

4 stock rails 3 

4 switch rails 4 

4 y points 6 

8 wing rails 7 

4 common check-rails .... 8 

2 complete diamond crossings . . 10 
consisting of — 

2 wing rails 11 

4 diamond points 12 

2 winged check-rails ^ . . . 13 

The system of check-rails shown (Fig. 4) appears 
BO perfect that it would seem impossible for the flange 
of a wheel to go wrong, but, unfortunately, facts prove 
that a very slight defect will cause an accident. If 
a V crossing, or a diamond crossing, be out of gauge, 
out of order, or be allowed to sink below its proper 
level, or if the check-rail on the opposite side be loose 
or out of truth, the flange upon the leading wheel of an 
engine will strike and mount the point of the crossing 
instead of passing to the side. If the wheels of an 
engine be out of gauge, if the flanges be worn sharp, if 
an engine have a broken or defective leading spring, or 
an axle-box set fast in the horn-plates or the weight 
improperly distributed upon the wheels, the striking of 
a V or a diamond point is almost certain to follow : 
indeed^ the author has examined the wrecks of various 
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accidents, several of wliicli have been due either to one 
or other of the above-mentioned possible causes. There 
is a common but very dangerous practice in use on 
some lines, of laying rails round curves, and also points 
and crossings tight to gauge, that is, less than the 
proper 4 feet 8 J inches, and many of the " unexplained *' 
runs off are due to this fact. Points and crossings 
should be absolutely true to gauge, and round curves 
nothing conduces so much to easy and safe running as 
a little extra width in the gauge. The super-elevation 
of the outer rail of a curve is most important for safety, 
but, unfortunately, at a junction super-elevation cannot 
be applied, therefore it follows that trains passing over 
a sharp curved junction should have their speed re- 
duced. Many accidents occur in which engines strike 
crossings at junctions, but, upon examination, no cause 
can be seen ; the junction looks perfectly true and right. 
This is due to the weight of the engine bending the 
road, or causing parts of it to sink, and then when the 
engine has passed the line springs back right again, 
thus showing that the proper way to examine points 
and crossings is to actually see an engine passing over 
them, in addition to the usual measuring and gauging. 

• 
Scissors Crossings. 

" Scissors " crossings are employed at large stations, 
such as Carlisle, Crewe, Derby, &c., to assist in the 
speedy marshalling of passenger trains. They may be 
described as two cross-over-roads, crossing each other 
in the reverse direction ; it therefore follows that a 
scissors crossing gives communication between two sets 
of rails, by means of facing-points, in any direction. 
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Sfeel Sleepers. 

In concluding this chapter, reference should be made 
to the steel permanent way, designed by Mr. F. W. 
Webb as a substitute for the usual system of wooden 
sleepers and cast-iron chairs. The sleepers are by 
preference of the ordinary trough section, and the 
chairs are riveted to them. The chairs, which form 
the chief feature of the design, are made from the crop 
ends of steel rails. These are first rolled into fiat bars, 
and then cut and stamped into shape with a bulge in 
the middle of their width, so as to give strength to the 
jaws, and also to form a recess into which the wooden 
key may expand, and so prevent it from working out. 
It will be noticed that each chair is made up of two 
angle brackets and a packing piece, which serves to 
keep the rail from injuring the sleeper. Another 
feature is the placing between the sleeper and the chair 
pieces of paper or canvas, dipped in tar or asphalte, to 
keep out any moisture and to prevent sliding or 
working between the chair and the packing, and the 
packing and the sleeper. It is claimed for the system 
that it seems to ofEer every advantage for economy and 
simplicity of manufacture ; and theje can be no ques- 
tion that if it were generally adopted the cost of pro- 
duction would be greatly reduced. It would also be 
essential, as far as possible, to introduce one standard 
form of sleeper, and one standard form of punching, 
BO that companies wishing to adopt steel sleepers may 
go into the market for them, as they would for a piece 
of timber for the same purpose, and not have to ask 
the manufacturers to alter their rolls or their machinery 
for punching the holes for every small order required. 
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The experiments with this form of permanent way 
commenced in May, 1880, and the North-Western 
Company has now 32,174 of the sleepers in use, and it 
is reported that those laid down six years ago are 
giving good results. With regard to first cost, this 
system is stated to compare favourably with the cost of 
the ordinary plan. A hollow steel spring key has also 
been tried by Mr. Webb. There can be no question 
that Mr. Webb's steel permanent way forms a very 
strong and sound road, but the subject of its rigidity is 
an all-important matter for consideration. Opinions 
differ very widely, and in the absence of necessary 
data, it is essential that some experiments should be 
made upon the subject before a correct estimate can be 
arrived at with reference to the probable success of 
steel permanent way. 

The author has recently examined the steel sleepers 
of Messrs. Cabry and Kinch, which have for some time 
been tried upon the North-Eastern Railway, fully 
20,000 being in use (Fig. 5). 

It will be seen that the rail is flat-footed, and that 
the sleeper is an inverted trough. The rail is held by 
jaws and studs, and a key. At our examination we 
were shown that the jaws and studs are formed by 
hydraulic pressure out of the substance of the sleeper. 
The inward inclination of the rail is obtained by press- 
ing up to the requisite angle that part of the sleeper 
which is immediately under the foot of the rail, instead 
of bending the whole sleeper upwards from the centre^ 
This enables the sleeper to be laid horizontally. 

The rail is placed in position by slightly tilting it, 
and passing one side of .the flange under the inner (or 
longer) jaw, sufficient space being allowed for the out- 
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side of the flange to clear the shorter jaw, and then by 
sliding it under the shorter jaw, when the wedge-shaped 
steel split key is inserted under the longer jaw, and 
firmly driven. It will thus be seen that the flange is 
overlapped by both jaws of the sleeper, and it is claimed 
that the rail cannot be forced out of them by the side 
pressure of the wheels of a passing train, even should 
the keys be displaced. 

These sleepers weigh 150 lbs. each, and the cost per 
mile of steel road is about £200 more than when 
ordinary sleepers are used. 

Cost of Permanent Way. 

The North Eastern Railway Company has caused a 
statement to be prepared showing in detail the exact 
cost of one mile of single line of road as laid on its 
railway, with 90 lbs. bull-headed steel rails and ordi- 
nary chairs and wood sleepers, exclusive of ballasting 
(see p. 44). 
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CHAPTER in. 

Railway Signalling. 

The latest official information with reference to the 
signalling of railways in the United Kingdom is to be 
found in the Board of Trade Returns upon the arrange- 
ments and systems of working on the 31st December, 
1891, the details being given under two headings : (1) 
The interlocking and concentration of signal and point 
levers ; (2) the systems upon which the lines are worked 
relating to the block system, &c. 

The details are minute and voluminous, but the facts 
can be seen at a glance upon reference to the following 
tabulated statements. 

Table No. 1 shows that the levers require "con- 
centration " in 2,734 cases, and "interlocking" in 2,534 
instances ; also, that no less than 1,830 pairs of " safety 
points " are requisite. From table No. 2 it will be seen 
that the total length of line open for passenger traffic 
was 19,138 miles, of which 16,249 miles were worked 
on the absolute block system. There are 858 miles of 
single railway upon which only one engine at one time, 
or two coupled together, are allowed : thus leaving a 
balance of 2,031 miles which are still worked upon in- 
efficient principles, and requiring the introduction of 
the absolute block system. 
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INTEELOCKINO OF SIGNALS. 
iWiBi; No. 1.— To 31BT Dbowdveb, 1891. 
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THE ABSOLUTE BLOCK BYSTEH. 
SmouBT No. 2.— To Slsi I 





Total Length of Bailwur 


Distance Worked on tbe 
AbHdute Block Syst™. 


Double. 


Single. 


Double. 


Binele. 


EoKland and Wales 
Scotland .... 
Iceland .... 

United £iiigdom . 

Total . . . 


9,044 

1,259 

606 


MOai. 

4,368 
1,662 
2,209 


8,979 

i,2ae 

415 


Mile». 

3,939 
864 
700 


10,909 


8,229 


10,650 


5,S!'9 


19,138 


16,249 



The following table gives in detail idie facfg relating 
to the more important railways, from wbieEi it will be 
Been that some of tbe principal L'nes have made con- 
siderable ptogress : — 
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Total Length of 


Distance worked 




Line Open 


upon the 




for Passenger 


Absolute Block 


Bail way. 


Traffic. 
31st Dec., 1891. 


System. 
Slst Dec, 1891. 


Double. ■ 


Single. 


Double. 


Single. 




Miles. 


Miles. 


Miles. 


Miles. 


Cheshire Lines 


116 


4 


116 


4 


Fumess 


72J 


35 


72} 


34J 


Great Eastern 


632 


502 


532 


479 


Great Northern 


586 


181 


686 


143 


Great Northern and Great 










Eastern Joint 


112 


5 


112 


5 


Great Western 


1,078 


1,157 


1,078 


1,050 


Lancashire and Yorkshire 


456 


16 


456 


9 


London and North- Western . 


1,428 


308 


1,428 


302 


L. &N..W. &G.W. Joint . 


112 


45 


112 


45 


London and South- Western . 


637 


203 


637 


203 


London, Brighton, and South 










Coast .... 


340 


121 


340 


121 


London, Chatham, and Dover 


176 


10 


176 


10 


Manchester, Sheffield, and 










Lincolnshire 


277 
1,015 


3 

265 


276 
1,011 


201 


Midland .... 


North-Eastem 


980 


442 


976 


428 


North Staffordshire 


150 


18 


149 


18 


South-Eastem 


363 


41 


363 


41 




21 


83 


21 


83 


TaffVale . . . . 


68 


15 


12 


2 


Caledonian .... 


459 


307 


459 


231 


Glasgow and South- Western . 


237 


74 


236 


60 


Great North of Scotland 


32 


281 


32 


270 


Highland .... 


r 


412 


7 


1 


North British 


468 


461 


468 


188 


Great Northern of L^land 


137 


382 


94 


63 


Great Southern and Western . 


208 


313 


103 


113 


Midland Great Western . 


161 


279 


161 


84 



Early History of the Block System. 

As soon as the electric tolograpli Avas invented, Mr. 
(afterwards Sir) William Fothergill Cooke, and his 
coadjutor Wheatstone, saw its value as a means of 
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regulating and controlling the working of trains, and 
as early as December, 1839, they induced the Great 
Western Railway Company to telegraph the arrival 
and departure of its trains from station to station 
between Paddington, West Drayton, and Hanwell, and 
if a second train should arrive at any telegraph station 
before the previous train was telegraphed as "arrived/* 
it was stopped by signals and detained until such 
message was received. This was to all intents and 
purposes the object and spirit of what we now designate 
the Block System. In the year 1841 Messrs. Cooke 
and Wheatstone introduced independent instruments for 
controlling the trains in order to show at a glance if the 
line was clear or blocked. On the left-hand top corner 
of the instruments they printed the word " stop," and 
on the right-hand " go on " ; they also provided a brass 
pin in order to hold over the handle and consequently 
the needle, to either side ; they further added an electric 
bell to call attention. The invention of the block 
system, as used at the present day, was, therefore, 
practically completed by Cooke and Wheatstone in 
1841, and Mr. Cooke published his book, '' Telegraphic 
Railways,*' in 1842. 

The Cooke and Wheatstone block system was put 
into use between Norwich and Yarmouth in 1844, and 
the instruments, instead of having the words " stop *' 
and " go on," had " line clear " and "line blocked." 

During the winter of 1843-4 an accident occurred 
upon the Lickey Incline on the Birmingham and 
Gloucestsr Railway, and by the advice of Mr. J. E. 
MacConnell, the Company's Locomotive Superintendent, 
block working was carried out by complete telegraph 
messages. The following extract from the book used to 
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record these messages is interesting: — Blackwell, for 
instance, telegraphed : 

" The Bristol goods is approaching here." 

Bromsgrove replied : 
" Right, let her come/' 

Before the goods train could have reached the foot 
of the incline, Blackwell telegraphed : 

" The Bristol passenger is approaching/* 

To which Bromsgrove replied : 

" Keep her back — goods not here yet." 

But in a few more minutes a further reply was 
sent : — 

" Right now, send her on." 

The telegraph engineer of the South Eastern Rail- 
way in 1851 carried out the block working by means 
of a code of rings on the bell, and did not employ dial 
instruments. 

The London and North-Western Railway in 1853 
added a third position to the block instruments, and 
then had "line clear," "train on line," also "line 
blocked " when the needle was in the vertical position ; 
the telegraph wires were brought down the posts so 
that in case of a breakdown of a train the driver or 
guard could run to a post and cut the wire, and block 
either one or both lines, as necessary. 

In 1855 the South-Eastern Company adopted a form 
of block instrument having a miniature semaphore 
signal with two arms instead of needles. 

The North London Railway Company in 1858 tried 
the self-acting block system of Baronowski between 
Hackney and Eongsland. Upon a train passing over 
a lever arrangement the signal was put up to danger, 
and when the train arrived at a distance of 1,100 yards 
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further, another set of levers took off the signal in the 
rear. The inventor claimed that it was, of course, 
cheap and required no signalmen ; it worked well for 
a time, and then failed and caused a serious collision. 
Whitworth introduced another form of working the 
block system, but one of his signals failed at Radcliffe 
Bridge in 1859, and another at Clayton Tunnel in 
1861; when twenty-three passengers were killed and 
one hundred and seventy-six injured. 

The Block System Described. 

It is hardly necessary to mention that the object of 
the absolute block system is to maintain a certain 
interval of space between all trains, instead of the un- 
certain interval of time as formerly in use. 

The line is divided into sections varying in length 
from a few chains to four or five miles, according to 
the amount of traffic that has to bo passed over it. A 
signal box is placed at the termination of each section, 
and is provided with two electric bells and four block 
telegraph instruments, one bell and two instruments, 
Fig. 6, being for working the up and down traffic in 
each direction. Each signal-box is further provided 
with up and down " Distant," " Home," and ** Start- 
ing " signals, and " Lie By " or shunting sidings are 
constructed at such places as it is found necessary to 
allow a fast or important train to pass a slow train. 

For the purpose of illustrating the course to be 
adopted in signalling by the block telegraph : A, B, C, 
and D, Fig. 7 (Plate I.) are supposed to represent four 
consecutive block boxes upon a portion of a double line 
of railway, and the process of signalling a train is as 
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follows : — On the approach of a train to A, the signal- 
man there will call the attention of B, and then give the 
proper " Is line clear ? " bell and dial signals. The 
signalman at B, after haying ascertained that the line is 
clear for the train to run upon, must repeat the signals, 
and when he has received the necessary intimation from 
A that he has repeated the dial signal correctly, which 
information must not be given by A until the bell signal 
has also been correctly repeated, he must peg the 

Fig. 6.— THE BLOCK SYSTEM. 

PuQBAHS OF Dials of Instsumeitts (Needle Patiesn). 
Up Line. Down Line. 



TRAIN ON 



LINE. 
CLEAR 




TRAIN ON 
LINE 



LINE 
CLEAR 




needle to " Line clear." The train may then be dis- 
patched from A. 

As soon as the train has passed A, the signalman 
there must call the attention of, and give the bell 
signal, " Train entering section," to B, and the signal- 
man at B must acknowledge the signal and unpeg the 
needle. The signalman at A must then give to B the 
proper *' Train entering section " dial signal, and when 
the signalman at B has acknowledged that signal and 
received the necessary intimation from A that his 
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acknowledgment is correct, he must peg the needle to 
" Train on line/' and then call the attention of, and give 
the " Is line clear ? " signal to C. As soon as the train 
has passed B, it must be signalled, as above directed, to 
G, and the signalman at C must in like manner call the 
attention of, and forward the "Is line clear ?" signals, 
to D, and so on throughout the block system. 

If the second train should arrive at a signal-box before 
the preceding one has been signalled as " Out of section,'^ 
it must be brought to a stand and detained at the start- 
ing-signal imtil such time as the section ahead is clear. 

Obstruction Danger Signal. 

H after permission has been given for a train to ap- 
proach, it is found necessary, in consequence of a break- 
down obstructing the line, or from any other cause, 
that the train should be stopped at the post in the rear, 
the Obstruction Danger bell signal (6 rings) must be 
forwarded to the post in the rear. The signalman 
receiving such signal must immediately exhibit the 
Danger signal at his signals to stop the approaching 
train ; and after taking the necessary measures to stop 
the train, he must give the bell signal, " Signal given in 
error — train last signalled not coming," and must not 
allow the train to proceed until the signals have been 
again made and acknowledged as directed. 

For many years the codes of signals on different 
lines were separate and distinct, and at junctions there 
was the difficulty and danger of one man having to 
work two or more different codes. This was the cause 
of the serious accident at Canonbury Tunnel, and led to 
the companies parties to the Clearing House adopting 
a more uniform system, which came into use October 
to December, 1884. 
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For the purposes of illustration^ the Midland, Great 
Northern, and Great Western signal codes are here 
appended : — 

MIDLAND. 

WHEN THE NEEDLE OF THE INSTRUMENT OF THE SECTION 
AHEAD IS IN THE VERTICAL POSITION THE LINE MUST 
BE CONSIDERED BLOCKED. 

When the instruments are not in use, the handles 
must always be kept upright, so that the needles may 
stand in the vertical position. The needle and bell 
signals must be made slowly and distinctly, and the 
hand must be removed from the handle the moment 
the signal has been sent. The handles must not be 
touched, except when signals are being forwarded or 
acknowledged. Signalmen, on setting the needle to 
" Train on line," or " Line clear," must take care that 
it is firmly and completely pegged over. 

Signal lights : red, stop ; green, all right. 

The block instruments must not be used for con- 
versing. 

BELL SIGNALS. 

To caU attention 1 boat of tho bell 

Ib line clear for stopping goods or mineral train, \ 

ballast train requiring to stop in section, or r « v . j. 

platelayers* lorry requiring to pass through I ^ beats j, 

tunnel? / 

Is line clear for passenger, break-down van, or ) 

empty carriage train ?..../*» » 

Is line clear for fish, meat, cattle, express goods, \ 

empty fioh vehicle, through goods, mineral, > 5 ,, », 

or ballast train, or light engine ? . . ) 

Train entering section 2 ,, ,, 

Obstruction danger signal 6 ,, „ 

Stop and examine train 7 „ 

Si^ial g^Yon in error, train last signalled not \ 



coming ......./ 



8 



Train passed without tail lamp (to post in advance) 9 „ „ 
Train divided , 10 „ „ 



Shunt train for following train to pass • • 11 ., 



tt 
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Train or vehicles running away on wrong line 
Section clear and station or junction blocked 
Train or vehicles running away on proper line 
Opening of signal post 
Testing bell bignal 
Closing of signal post . 

Time signal 

Lampman or fog-signalman required 
Testing controlled signals . 



12 beats of the bell 

13 

14 

15 

16 

17 

18 

19 

20 



it 



» 

It 
ft 

i* 

»9 



8 



DIAL SIGNALS 

Signal correctly repeated . 

Is line clear for fast passenger train ? . 

Is line clear for slow passenger train ? 

Is line clear for express goods or cattle train ? 

Is line clear for through goods, mineral, or 1 

ballast train, or light engine ? . . j 
Is line clear for stopping goods or mineral ) 

train? j 

Is line clear for ballast train requiring to \ 

stop in section, or platelayers* lorry > 

requiring to pass through tunnel ? . ) 

Testing dial signal 16 

Signal incorrectly repeated .... 
Fast passenger train entering section . 
Slow passenger train entering section . 
Express goods or cattle train entering") 

section ) 

Through goods, mineral, or ballast train, ) 

or light engine entering section . ) 
Stopping goods or mineral train entering ) 

section } 

Train passed without tail lamp (to post in \ 

rear) > 

Testing dial signal 16 

Train out of section 2 



1 beat of needle to right 

3 beats 

4 

5 



it 

St 

it 



1 beat 
3 beats 
4 



9 



it 
»> 
»> 

If 

ft 

ft 



11 
fi 

» 
tt 

» 

tf 
11 
11 
tf 

» 

ft 
11 



11 
ft 
tf 

ft 
tf 

it 

fi 

left 

11 
fi 

ft 
It 
ft 



» 



11 

right 



Giving permission for a train to approach, and giving "Train out of 

section " signal. 

Except where special instructions to the contrary are 
issued, permission must not be given for a train to 
approach when there is, within a quarter of a mile 
ahead of the home signal, any obstruction on the line 
on which such train requires to run, nor until all the 
points over which it has to pass have been placed in 
the proper position, and where block posts are not more 
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than a quarter of a mile apart, not until the ^* Train 
out of section '' signal has been received from the post 
in advance for the previous train ; and after permission 
has been given for a train to approach, no obstruction 
of the line upon which such train requires to run must 
be allowed within a quarter of a mile ahead of the 
home signal, and the points over which it has to pass 
must not be moved until it has passed, or been brought 
to a stand, or the signal, *' Signal given in error, 
train last signalled not coining," has been received 
from the post in the rear. 



GREAT NORTHERN. 

Game into force at 1 p.m., December 1st, 1884. 
BELL SIGNALS. 



i 



it 



ft 



ft 



j> 



it 



» 



>» 



To call attention 1 beat on bell 

Train on Une 2 beats 

Be ready for goods, mineral, or ballast train stop- 
ping at intermediate stations 

»> »9 9 J passenger, special fish, or meat, run- ) 
ning in passenger train time . j 

„ „ „ express goods, fish, cattle, light i 
engine, or through mineral train, > 
stopping at chief stations only . ) 

Obstruction danger signal 

Stop and examine train 

Signal given in error (cancel signal last sent) . 

Train passed without tail lamp 9 

Train divided 10 

Shunt train for following train to pass 

Vehicles running away on wrong line 

Section dear and stationer junction blocked, to be 

used where authorised by General Manager or 

Superintendent of the Line . 
Vehicles running away on right line 
Opening of signal box 

Testing 

Closing of signal box 

Time signal .... 



6 






7 






8 






9 






10 






11 






12 






13 






14 






15 






IG 






17 






18 







DIAL SIGNALS. 
Signal correctly repeated .... 1 beat of needle to right 
,, incorrectly ,,.••. 1 „ „ left 
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Passenger, special fish, or meat \ 

train running in passenger > On line 2 beats of needle to left 

train time ... ) 

Express goods or cattle traia . » i, 3 i> >» »> 

Express fish train or light engine „ „ 4 ,, ,, „ 

Mineral or ballast train stopping \ , 

at chief stations only . . j '» " ° " » »» 

Goods, mineral, or ballast train ) ^ 

St opping at intermediate stations j '* ** " " " 

Stop and caution 7 „ f, ,; 

Passenger train assisted by engine, \ n^ r o 

at rear . . . . } un line y „ „ „ 

Goods, cattle, mineral, or ballast! ,, 

train assisted by engine at rear j ** *' " " ** 

Train out of section 2 „ ,, right 

Line clear Needle pegged to "Line clear" 

When the needle of the instrument is vertical, the 
line must be considered blocked. 

The normal position of all fixed signals is " danger," 
and a green light is used by night at all the signal 
posts for " all right," and red one ** danger ; " a white 
light at a place where a red, or a green, or a purple 
light ought to be seen must be considered a " danger " 
signal, and treated accordingly. 

**Call attention" must precede all bell and dial 
signals, and be repeated immediately. 

Train out of Section. 

Clause 6. — " Train out of section " must, except 
during fog or falling snow, be sent as soon as the last 
vehicle, with tail lamp attached, has passed the signal- 
box. **Be ready "must not be accepted for a follow- 
ing train, nor must " Line clear " be given until the 
preceding train has passed at least a quarter of a mile 
beyond the signal-box and is continuing its journey or 
has been shunted clear of the main line (except under 
special instructions signed by the General Manager or 
Superintendent of the line, which will be placed in the 
boxes concerned). 
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GREAT WESTERN. 

SPAGNOLETTI'S DISC BLOCK SYSTEM.-DOUBLE LINE. 



Issued November J 1884. 

Beats on Cell. 
•To call attention (for an xmusual ) , 

continuance of block, &c.) , ] * ' 

Train on line 2 . • 

„ arrived or obstruction removed 3 . • 
Is line clear for ordinary goods, \ 

mineral, ballast train, or engine > 3 . . 

and brake? . . . . ) 
Is line clear for branch goods train 



» 



ii 



express or fast pas- ) 



3 
4 



senger or breakdown van train ? 
Is lino clear for ordinary passenger \ 

or empty carriage train ? . ] " 
Islineclcarforbranchpassen^ertrain? 4 

* Bank engine in rear of tram . 4 

* Fast train approaching . .5 
Is line clear for fish or meat train? . 5 

;, „ express goods or ) ^ 
cattle train ? . . . . j 

Is line clear for fast goods or 5 - 
through mineral train ? -J 

Is line clear for light engine ? . 

* Obstruction — dimger signal . 
Take off slot — train waiting 

* Stop and examine train 

* Signal given in error (cancel last ) 
signal sent) • • • . j 



5 
6 

7 
7 

8 



Train passed without tail lamp . 9 



♦ Train divided . . . .10 

♦ Shunt train for following teiin ) , , 
to pass . . . . j 

♦ Vehicles running away on wrong i . ^ 
line j 

♦ Section clear, but station or | , „ 
junction blocked . . j 

♦ Vehicles nmning away on right ) , . 
line . . . . . / ^* 

♦ Opening of Signal station . .15 

♦ Test signal 16 

♦ Olosiog^ of signal station . .17 

♦ Time signal • . . ,18 



2 
2 



How to be given. 

consecutively 
pause 1 



3 consecutively 



1 
4 



1 
2 
3 
5 



1 
2 
3 

4 

6 
16 

7 
8 



pause 2 
consecutively 

pause 1 

pause 3 
pause 2 
pause 2 
consecutively 

pause 4 

pause 1 

pause 3 
consecutively 
pause 4 
consecutively 

consecutively 

consecutively to the 
signal station in 
advance 

pause 6 to the sig- 
nal station in the 
rear 

pause 5 

pauso 6 pause 6 
pause 5 pause 5 
pause 5 pause 5 

pause 5 pause 5 

pause 6 pause 5 
consecutively 

pauso 5 pause 5 

pause 5 pause 5 
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The signals marked thus * must be returned by the 
signalman receiving them to show that he understands 
them, but in all cases he must allow sufficient time to 
insure the signal being completed before he commences 
to return it or reply to it. 

The " Call attention '' signal is to be used when it is 
necessary to call the attention of the signalman at the 
next signal station, 

The disc block telegraph instrument shows three 
signals : — 

The disc showing half white and half red indicates 
" Line blocked." 

The white disc showing full on indicates "Line 
clear/' 

The red disc showing full on indicates " Train on 
line/* 

All fixed signals show a white and red light only, 
except in a few special cases. 

"Is line clear?" signal must never be sent until 
" Train arrived " has been received for the previous 
train, and the disc has been put to half red and half 
white. 

The Interlocking of Points and Signals. 

This system was invented by Mr. Saxby, in 1856, 
to prevent accidents which constantly occurred imder 
the mode of working then in use. Points were worked 
by levers on the ground, and were perfectly indepen- 
dent of the signals, and it frequently happened that 
signals were lowered when points were in the wrong 
position. Mr. Saxby brought the point and signal- 
levers together, and interlocked them so that it was 
impossible for an " all-right " signal to be given which 
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Kg. 8. — " Interlookmg." 
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was not in accordance with the position of the point 
levers. 

Fig. 8 shows the system as now used by Messrs. 
Saxby and Farmer. The locking-gear is worked by 
the movement of the spring catch-rod, the lower end 
of which carries a stud upon the block b, which 
travels in the curved rocker d. 

The raising of the catch-rod causes the rocker to 
move into the position shown in the diagram, and 
this rocker is connected by a universal joint, e, with a 
lever which gives motion to the locking-bars. The 
locks are clearly shown l ; they are fixed to the 
locking-bars in such a manner that some of the 
spindles are free to move as at m, and some are locked 
as at N. It therefore follows that until the point- 
lever c has been placed in its proper position it is 
mechanically impossible for the signal-lever to be 
moved ; and when the signal-lever has been moved to 
lower a signal, the point-lever becomes in its turn 
locked. 

The principle is thus briefly explained, and the 
marvellous development of the system will be cleariy 
understood from the numbers of levers which are all 
properly interlocked at the following stations : — 

The signals at the Waterloo Bridge terminus were 
for years controlled from a signal-box having 109 inter- 
locked levers; the new south cabin at Brighton has 
240 levers; and the London Bridge Station north cabin, 
west side, has no less than 280 levers. This is, indeed, 
a wonderful specimen of the interlocking system. In 
a day of twenty-four hours about 600 trains and 
engines pass, and between 8 and 10 a.m. there are 
about 90 trains; and these figures do not include 
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BhnQting operations. This vast cabin is worked by four 
men at a time, each set being on duty for eight hours. 




The Interlockinq of Points and Signals. 

Fig. 8, page 60, illustrates an interlocking frame 

in which the locks are placed in front of the levers. 

Messrs. Saxby & Farmer, in 1888, introduced another 

arrangement. 
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Fig. 9 18 a rear view of one of Saxby & Farmer's 
25-lever frames, in which the whole of the locking 
gear is placed below the floor upon which the signal- 
man stands ; the writer finds this to be a very great 
improvement, as the cleaning, oiling, and repairs can 
be carried out by the fitters more easily and in less 
time, and the signalmen are not inconvenienced. 

Union of the Block and Interlocking Systems. 

It has already been shown that the block and inter- 
locking systems are excellent in themselves, so far as 
they go ; but experience conclusively proves that they 
do not go far enough. They require to be carried a 
step further, and, in place of two independent appli- 
ances, be united in one complete system or combination. 
At present there is nothing to prevent a signalman, by 
mistake, from taking off his outdoor signals at a time 
when his block instruments indicate that the line is 
not clear, and such mistakes constantly lead to collisions. 

So long as the outdoor signals exhibited to the 
engine-drivers truly repeat the state of the block 
section ahead, safety is provided for, but we know from 
experience that the present system is liable to, and 
actually does, at times, break down in consequence of 
mistakes made by signalmen, aridng either from 
human fallibility, or from excessive hours during 
which signalmen are too frequently kept on duty. 

When we consider the number of serious and fatal 
accidents that have occurred in consequence of these 
mistakes, it is needless to waste words in arguing how 
great must be the value of any inventions which will 
establish an absolute mechanical block system, which 
cannot fail from the error of a signalman. 

The idea of combining the block and interlocking 
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systems^ and of making the train itself assist in pro- 
viding for its own safety by telegraphing its arrival 
and departure from signal-boxes, is not a new one. 
Messrs. Hodgson, Saxby and Farmer, Sykes, and 
others, have worked diligently, and With greats uc- 
cess, to attain the desired security. 

Hodgson's patent apparatus was tried on the Tun- 
bridge Wells and Eastbourne branch of the London, 
Brighton, and South Coast Railway. The author 
accepted the invitation to inspect the same, August, 
1881, and formed a very high opinion of its merits. 
One of the principal improvements was the introduc- 
tion of a treadle near each signal-box, electrically 
connected with the telegraph instruments in the signal- 
boxes, rendering it necessary in the working of the 
block system that the actual running of each train 
should exercise control over the signalmen. At first 
the treadles were sometimes liable to get out of order 
by the repeated blows received from the wheels of a 
train passing at full speed. This difficulty has, how- 
ever, been entirely and successfully overcome by 
Messrs. Saxby and Farmer, by causing the deflection 
of the rail itself acting upon the short arm of a lever 
always in contact with the underside of the rail, the 
means of making an electrical contact through the 
long arm of the same lever with the telegraph instru- 
ments in the signal-boxes, thus taking off a lock that 
prevents the signalman from moving the handles of 
the block instruments, by which the signal " Line 
clear " is given to the box in the rear. The latest 
improvements have been recently examined by the 
author, and consist of apparatus containing interlock- 
ing appliances for a box with seven levers for working 
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points and signals, and tlie block telegraph instru- 
ments for the exchange of train signals with stations 
on either side. 

The block instruments are as usual placed upon a 
shelf over the signal levers, the handles of the instru- 
ments being connected by vertical rods with the inter- 
locking gear ; or, in other words, the '* block " system 
and the interlocking apparatus are combined in one 
and the same mechanism, and cannot be manipulated 
in a contradictory manner. 

The block instrument handles are attached to hollow 
spindles in the centre of which are the plungers. When 
the handles are moved to the right (which is the " Line 
clear '* position), they work interlocking gear, so as to 
interlock the point and signal levers in any manner 
necessary to the requirements of the traffic. When the 
handles are moved back to " Line blocked " they are 
stopped in the mid-stroke or vertical position, and be- 
come locked, and cannot again be moved to "Line clear," 
neither can the point and signal levers be again moved 
until the train for which " Line clear " was given has 
arrived and actually passed over the treadle apparatus, 
and thus by its weight deflected the rail and completed 
the electric circuit. A current of electricity is then 
sent through the magnet of the block instrument and 
unlocks the handle, which can then either be restored 
to its normal position to unlock the point and signal 
levers, or it can be again moved to the right to give 
"clear'' for a following train to approach. Ouly one 
wire is used for the block signal instruments and bells of 
both up and down lines. (See also electric slot, p. 76.) 

The Sykes's system of signalling has for a long time 
been in use. In May, 1876, Cambria Junction, on the 

¥ 
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London^ Chatham^ and Dover Railway, was fitted with 
it in such a manner that if the signalman had accepted 
a train from Canterbury Junction he could not accept 
one from Loughborough, or if he accepted one from 
Loughborough, the apparatus was so locked that he 
could not then accept a train from Canterbury Road 
until he passed the train, and put his signal back to 
" danger.*' 

These signals have also been working perfectly satis- 
factorily for several years on the Metropolitan District 
Railway, and have been introduced upon a section of 
the Great Western ; at Dumfries Junction, upon the 
Glasgow and South- Western ; three signal-boxes upon 
the Great Eastern ; and Walpole Junction, U.S.A. 

Li the Sykes's system each station is provided with 
the usual train signal apparatus, ordinary semaphores, 
and signal levers. Beyond each station is an automatic 
treadle actuated by the passage of a train to manipulate 
a circuit extending back to the indicator at the station ; 
each station is also provided with an arm galvanometer, 
which serves as an additional indicator. In front of the 
signalman is placed a case containing two indicatory, 
which show respectively through the openings in the 
case. One indicator reads either " clear " or " blocked," 
and refers to the condition of the section of the lino 
beyond, while the other reads either " Train on line'' or 
"Train passed," and refers to the condition of the section 
of the line in the rear. 

The former indicator is connected with the lock in 
such a manner that when it reads " clear " the lock is 
lifted and the lever is free, but when it reads " blocked" 
the lever is locked. 

Sometimes, instead of the automatic treadle, a plat- 
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form plunger is employed, under the control of the sta- 
tion staff, and is used when a train has been seen to pass 
out of the station, an arrangement which is found par- 
ticularly advantageous in foggy weather, when the train 
cannot be seen by the signalmen. 

The combination of the block and interlocking appa- 
ratus has for some time been a useful and practical 
appliance, and there can be no reason why so many 
railway companies continue to employ the old system, 
which depends so much upon human fallibility. 

Defective Signalling. 

Attention has recently been again directed to the 
very important subject of defective signalling on rail- 
ways. Engine-drivers constantly complain, and with 
very good reason, of the way in which signals are fre- 
quently placed ; but it is only in rare cases, or after an 
accident has actually occurred, that their complaints 
receive attention, or that improvements are introduced. 
Unfortunately the selection of position and the erection 
of signals are usually placed in the hands of a separate 
department. On many railways the engine-drivers and 
locomotive department have little or no control over the 
signal arrangements, and frequently when drivers have 
pointed out faults, they have been informed that " their 
duty is simply to obey signals." Instead of a good 
standard system being adopted and strictly carried out, 
the drivers on many lines state that '' the signals are 
placed anyhow — ^here, there, and everywhere, and that, 
instead of improvements being made in this respect, 
some of the latest signals are placed in the very worst 
places, and on the wrong side of the line.'^ On several 
occasions the author has examined signals at stations, 
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junctions^ and sidings where driyers have made mis- 
takes, and in every case has found that the trae cause 
was the defective state or position of the signal. 

One of the first and most important requirements of 
efficient signalling is that aU signals shall be placed 
upon the left-hand or proper side of the line to which 
they refer. If hy any chance it is absolutely impossible 
to place a signal in such place the special attention of 
engine-drivers should be directed to the fact by a special 
printed notice. Each roadside station or signal-cabin 
should be provided with a "distant," "home/* and 
'^ starting** signal, and an "advanced starting signal** 
where necessary, in each direction. Distant signal-arms 
should always be of the " swallow-tail'* pattern. Home 
signals should in every case be placed so as to completely 
protect any train which may be crossing from one line to 
another, or into a siding, so that an engine-driver may 
run as far as the home signal without any fear of being 
foul of points and crossings which such signal is intended 
to protect. " Starting,*' or " advance starting,** signals 
ought always to be placed at least the length of the 
longest train (say engine and fifty waggons) beyond 
the home signal or siding points, so that all shunting 
can be performed without the engine ever having to 
pass the starting or advanced starting signal at danger, 
even a few yards. In very many cases these signals are 
placed at too short a distance, and the drivers are then 
obliged, and required by rule, to pass them at danger, 
in order to draw the tail of the train over the points. 
Signals which control the exit from the sidings should 
always be " discs ** placed low down near the ground^ 
so as to avoid any chance of their being mistaken by a 
main-line driver. In several cases the author sees siding 
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signak which consist of an arm placed upon the homo 
signal-post, and the arm is generally connected to the 
points, 80 that when the points are open the signal mmt 
be off, no matter if the train is going into or out of a 
siding ; on many occasions two drivers have considered 
the signal was lowered for them, and coUisions have 
resulted from this dangerous system of signalling. All 
junctions should be provided "in the facing direction" 
with as many distant signals as there are branches and 
home signals, so that when a driver sees the proper 
"distant" lowered, he may know that the "home** 
signal is also "off" for him to proceed in the desired 
direction, and that the facing- points are properly placed 
and locked. All distant signals ought always to be so 
interlocked that they cannot be taken " off" till after 
the corresponding home signal has been lowered. In 
all cases where two signal boxes are situated near 
together, the ** distant" from the one box must be a 
swallow-tail arm placed upon the " home post " of the 
next. In every instance the home signal must be the 
top arm, the distant arm second. They ought also to 
be slotted in such a way that the distant can never be 
taken " off " when the home is " on." The home signal- 
men ought to be able to place both to danger as soon as 
a train passes, so as to avoid conflicting signals being 
given. Three or four arms referring to different lines 
should never be placed one below the other on one post. 
Each line should have a separate post placed in the 
proper position on the left of the line to which it 
refers. All lines should be worked on the absolute 
block system ; and the signal "Line clear " should never 
be sent to the box in the rear imtil the train has 
passed and is well forward on its joumeyi or has been 
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ahunted Into a ading dear of tlie main fine; and after 
the '' Line clear '' signal has been accepted fior a tiam to 
approach, no shonting <m or croaaing of the main fine 
ahoold be permitted. To aroid mintakw which may be 
made by signalmen, one <^ the systems <^ electrically 
combining the block and interlockiDg apparatus should 
be adopted. 

No system of signalling can be considered efficient 
or safe unless it proTides mechanically far an interral 
of space between aU trains, and in practice it is abso- 
lutely necessary for a train to be protected, if it bfeak 
down or stop unexpectedly between two stations^ aa 
when standing at a station or between fixed signals. 

In consequence of the recammendation that one 
code of signal regulations and one pattern <^ signal 
should be adopted throughout the kingdom, a com- 
mittee of the railway companies has been appointed to 
consider the whole question of signals and signal 
lights; and Major Marindin, reporting on a case of 
collision on the North British Bailway, hopes that 
their deliberations may be successful in elaborating a 
uniform system for all lines, which, looking to the 
numerous cases in which two or more companies have 
running powers over one and the same piece of fine, 
is most essential to the public safety. Signals on 
various lines differ to a very great extent. For in- 
stance, a white light on the Great Northern is to be 
treated as '' danger," but on most other lines as '^ all 
right." A green light is sometimes to indicate 
"caution," at another station it is the "all right" 
signal, and again it is employed simply to indicate the 
back of a signal, and in such position it does not in 
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any way refer to an engine-driver. On some railways 
a purple light was " all right," and on others is a 
''danger'' light. All signal arms should be counter- 
weighted to fly to danger in case the rod breaks. 

When railways were worked by '' time " a caution 
signal was used, and a green Hght employed ; but now, 
under the block system, " caution " has no meaning, 
as the line should be either clear or blocked. 

It would be an advantage if the green light were 
now made the only all right signal ; and green should 
not be employed as a back-light, as it is in practice 
often mistaken ; and if the white light were discarded 
as a signal it might with advantage be adopted as a 
back-light to show that the signal was " on," and it 
has been suggested that when the signal is " off " no 
back-light would be required, especially as signals 
remain in that position for such a very short time with 
the present short block sections. 

It is satisfactory to be able to point out that during 
the past few years great improvements have been car- 
ried out in the signalling upon many railways ; greater 
care is taken as to the position in which signals are 
placed. During the past two years several hundreds 
of signals, which were improperly situated, or placed 
upon the wrong side of the line, have been moved or 
replaced by others fixed upon the left-hand side of the 
line to which they refer. 

In the first two editions of this volume attention 
was directed to the danger of a purple light being an 
all right signal for sidings upon some railways, and in 
consequence those companies have substituted either a 
green or a white light. 

Several companies have adopted, and others are now 
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adopting, the author's suggestion as to the use of a 
" green" all right signal, the following being a copy 
of the instructions issued : — 

'^ The white light as a fixed signal will be dispensed 
with so soon as the necessary alterations in the signal 
glasses can be made, and the running signals will be 
Red for * danger ' and Oreen for * all right/ 

"A white light where a red or green signal is 
usually shown must be treated as a ' danger ' signal. 

" A white light will be in use on the fixed signal 
posts as a back-light only, and not as a running 
signal." 

The greatest danger which exists at the present 
time is the improper use of the signal, "13 rings " (see 
pages 55, 56, 58), and during the year 1892 very 
serious accidents occurred in consequence at Birming- 
ham, Esholt, near Leeds, and minor accidents at several 
other stations, and the time has now certainly arrived 
when the dangerous rule must be abolished. Fpon 
the " absolute block " system an interval of space 
should be maintained between all trains. Now in 
certain cases, when two trains are required to be joined 
into one, the Board of Trade allowed a special block 
signal to be introduced, " 13 rings on the bell, section 
clear, and station or junction blocked.'' Some of the 
railway companies have, however, njade rules by \9hich 
the 13 rings are not now used except for special pur- 
poses, but are used constantly. This is a great danger, 
and can only save about a minute in time, if so much. 
When two trains which can possibly come into collision 
at a junction are approaching at one and the same time 
the " Be ready " for the one should be accepted, and for 
the other refused, with the result that one train should 
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be detained at the box in the rear. Now, the com- 
panies do not work so ; they accept the " Be ready '' 
for one, and simply give " 13 rings," which allows the 
other train also to approach. All the safety of the 
absolute block system is destroyed, as there is nothing but 
the thickness of the junction home signal-post between 
safety and a collision. If a driver over-runs the dis- 
tance of sometimes only six yards an accident follows. 
Both at Birmingham and Leeds the drivers passed their 
home signals and fatal collisions followed ; but the 
chief cause of both is the use of the " Come at caution " 
arrangement. A railway must be worked clear or 
blocked — go or stop. The signal " 13 rings '* tells the 
driver "line blocked, but go on.'' The danger of this 
arrangement is well known to the engine-drivers. 
Their societies have protested against it for years ; they 
have passed resolutions without number urging the 
companies to work the absolute block system, and some 
six years ago the author was requested by them to 
attend on the Board of Trade to point out the necessity 
for absolute block working, especially at junctions. 
The Board of Trade has condemned the use of permis- 
sive block or the " go at caution '' signal, except in the 
special case of uniting two trains ; yet the companies 
will not give way, and so far neither the reports by the 
Board of Trade officers, nor the resolutions passed by the 
drivers, can get them to abolish the constant use of the 
dangerous '* 13 ring signal.'' So long as the " 13 ring 
rule " is in constant use as it is at present, so long will 
collisions be caused. Parliament by the Act of 1889 has 
compelled the companies to provide their lines with the 
absolute block system. Probably it was not aware that 
by the use of a special rule the companies' trains can be 
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Bent forward when tlie line is blocked at tlie junction; 
yet that is what is now done thousands of times every- 
day. It is satisfactory to know that a Member of Parlia- 
ment has given notice to direct the attention of the House 
to this great public danger as early as possible. The 
Board of Trade Inspectors, both in the Birmingham and 
Esholt cases, condemn the use of the " 13 rings/' and 
point out that the signals were badly placed, and on the 
wrong side of the line. 

It is also very necessary that companies should come 
to some rule as to the conditions under which '' Line 
clear " or " All clear " can be given, as the rules in 
vogue on the several railways vary in this respect very 
considerably. 

It is much to be desired that the practice in this 
respect should not only be safe, but should be uniform 
throughout the kingdom. 

Controlled or Slotted Signals. 

The ordinary mechanical slot system enables a 
signalman at one signal-box or station to control the 
outdoor starting-signal worked by another signalman 
at the station in the rear in such a manner that it 
cannot be taken off without the concurrent action of 
both signalmen ; but either man, independently of the 
other, can instantly place the signal to danger. 

Fig. 10 shows the usual arrangement of " slot.*' It 
will be seen that there are two levers and weights- 
one worked by each signalman ; and unless both be 
raised, the signal cannot be lowered. As soon as both 
men require the signal to be lowered, the weights take 
the position shown in the dotted lines, and the arm 
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falls by its own weight, aaeiated by tbe amall balaiio&* 
veigbt as illustrated. 

Tile mechanical slot is there- 
fore perfect in its action for 
moderate distances, and will eTen 
workwellnpto adistanceofl.OOO 
yards. Tbe "electric slot-signal," 
Fig. 11 deriTes its name from tbe 
fact that it bas the same objects 
as tbe mechanical slot, but it has 
tbe very great advantage of being 
capable of controlling the work- 
ing of a signal by means of elec- 
tricity at any required distance. 
The action of the apparatus is 
as follows : When a current of 
electricity is sent through the 
electro-magnet m of the electric 
slot it keeps tbe armature, which 
is attached to the vertical lever 
H, attracted, and on pulling the 
\ wire, raises the weighted lever 
fixed at the foot of tbe signal- 
^ post, and the arm is lowered to 
' the all-right position. If now 
ijj the current of electricity is cut 
the attraction ceases, and 
j tbe vertical lever falls away 
from the magnet, and striking 
^^ the dutch c, releases the wire, 
and the signal-arm is raised to 
Fig. 10.— Ifeduwloai Blot " danger " by means of the 
Sign^AEp«»tna. ^^g^ted lever. Tbe treadle 
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Fig- II.— EleotrioSlotS^nalApptiratns. 
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apparatus already referred to enables the passage of the 
train itself over the line to act upon the electric slot 
signal, and places it to " danger " at the rear, even in 
case a signalman should omit to do so. By this arrange- 
ment and combination points and facing-point locks 
must be set in the proper position before "Line clear" 
can be signalled for a train to approach. Points cannot 
be moved for shunting or other purposes when the line 
has been signalled "clear." The "Line clear," or 
"Train out of section " signal cannot be sent a second 
time until the approaching train has arrived at and 
passed over the treadle. The outdoor starting-signal 
cannot be lowered to permit the entrance of a train 
into a block section without the consent and concurrent 
action of the signalmen at each end of the section, and 
it must be reset to " danger " behind every train ; and 
this is insured by the action of either signalman, or, in 
case both should forget, by the action of the train itself 
passing over the treadle. When once the starting- 
signal has been lowered and placed to " danger " after 
a train has entered the section, either by the signal- 
man or by the action of the treadle, it cannot be again 
lowered imtil that train has passed out of the section 
and over the treadle at the other end, and until the 
signalman in advance has given "Line clear" for 
another train to enter the section. 

The apparatus is so constructed that the signalmen 
cannot work it otherwise than in the proper order. 
The omission to give any of the ordinary block sig- 
nals, or to put the outdoor signals to "danger" after 
the passing of a train, prevents the apparatus being 
again worked, as, after receiving "Line clear," the 
starting-signal is lowered and put to " danger " in the 



78 SAFE RAILWAY WORKING. 

rear of a train ; and '* Line blocked " must first be sent 
before ''Line clear'' can be given a second time for 
another train. 

Thb Improved Facing-point Lock and Duplex 

Detector. 

The invention has been designed and perfected by 
Messrs. Saxby and Farmer to obviate the danger which 
arises when a connecting-rod between a set of points 
and the locking apparatus breaks. Under the old 
system such mishap would permit of the point-lever 
being placed in its intended proper position, but the 
points. Fig. 12, would have remained unmoved, and 
would actually be lying in a contrary direction to that 
which the signal, if given, would indicate. 

The detector lock, Fig. 13, consists of a double-action 
plunger, which, when the points stand in one direction, 
is pulled, and when in the other, pushed into the 
appropriate hole in the tie-bar between the tongues of 
the points. Thus, if, owing to a broken rod, the 
points have not been moved, the signalman is warned 
of the fact by being prevented from lowering any 
signal which would be contrary to the actual position 
of the points themselves. 

As is the case with the ordinary locking-bars, whilst 
a train is travelling through the points, it is itself 
master of the situation ; not even the signalman can 
inadvertently change their position imtil the whole 
train has passed clear of the locking-bar. It therefore 
follows that by the union with the "block" instru- 
ments, as already described, an accident is rendered 
impossible from the failure of facing-point rods and 
connections. 
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Fig. 12. — Facing Point-lock. 
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Fig. 13. — ^ImproTed Duplex Detector. 
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Junction Block Working. 

Junction block working should always be adopted, 
and very strictly carried out. No two trains should 
ever be allowed to approach a junction at one and the 
same time, either upon converging or crossing lines, 
otherwise the required certain interval of space is 
actually reduced to nothing more than the thickness 
of the junction signal-post, Fig. 14 (Plate IL). The 
" Line clear " signal for one should be accepted, the 
other refused, so that the second train may be stopped 
at the box in the rear. At all double-line junctions it 
is possible for a train in one direction to be cut in two 
by one in the opposite direction ; therefore, no two 
trains which can in any way come into collision at the 
junction crossings should be accepted by a junction 
signalman when working under proper rules. 

A recent improvement provides mechanically for 
junction block working, and renders it impossible for 
trains to approach at the same time. 

Locking Gear for Signal-arms. 

Attention should here be directed to the importance 
at all junctions of placing an actual lock upon the 
signal-arm itself, as well as upon the levers in the 
signal-box. The ordinary interlocking frame prevents 
wrong signals being lowered by the man in charge, so 
long as the connections, rods, and wires are in proper 
order ; but if (as was the case at Earl's Court recently) 
a rod should fail, the system is rendered useless. To 
avoid this danger, Mr. Davis, of the Great Eastern 
Railway, invented, and Messrs. Saxby and Farmer 
manufacture an efficient apparatus, which appears to 
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satisfactorily insure the impossibility of two conflicting 
signals being off at one time. To prevent this, the 
action of lowering one signal is made to actuate an 
extension of the rod to the other conflicting signal. 
This " lock-rod/' as it is called, works a mechanical 
hooked bell-crank which directly locks the arm itself^ 
which must always be "on** when the conflicting 
signal is lowered, as the same action which lowers the 
one locks the other. Having described the method of 
locking, let it be supposed a fracture has occurred in 
the rod working a branch home signal at a junction, 
and that the signal has been lowered to, or stands 
** off,'' and remains in that position after the signalman 
has returned the lever in his box to the normal posi- 
tion, as the balancing of the arm is altogether insuffi- 
cient to overcome the friction of the rollers in the 
long length of rod or wire. The action of returning 
the lever of the branch signal to " danger " would, of 
course, unlock the levers in the locking frame in the 
box, but should the signalman, without knowing of 
the failure of the rod, attempt to lower the main line 
signal, he would be unable to do so, as the actual 
locking on the main arm would prevent its being taken 
" off." It will be found, by taking any example, that 
whichever rod breaks, no two opposing signals can be 
standing off at one time, and it has the further advan- 
tage of immediately acquainting the signalman that 
something is wrong with the apparatus. 

The method can be carried out with signals of any 
type, whether worked by rod or wire, and is stated to 
be comparatively inexpensive in its application. It 
can be applied, however complicated the station or 
junction may be, and is certainly the only direct 

G 
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mechanical lock between conflicting rignol-anna. The 
locking device of one arm may be made to act upon 
and control the locking device of one or several other 
arms directly between the signals themselves^ without 
the intervention of the movement of the levers; or the 
locking device on any signal-arm may be connected 
back to the levers in the locking frame, so as to lock 
or unlock any levers as may be required. 

It would appear that if so simple and effective a 
method of preventing accidents can be applied for a 
comparatively small cost, railway companies should 
give this matter their earnest consideration. Signal 
connections will always bo liable to failure, for what- 
ever care is taken in their manufacture, absolute secu- 
rity cannot be guaranteed by any tests of the material, 
so that a method by which these failures are rendered 
harmless is of the greatest importance, both to the 
public and the servants. 

Clearance or Train Safety Bars. 

Railway collisions frequently occur in consequence of 
a train being kept waiting for a considerable time at a 
" starting " signal, and being either out of sight of the 
signalman, or in consequence of fog the man forgets 
the presence of such train and lowers his home signal 
in the rear for the following train. To avoid these 
accidents, clearance bars should be adopted. They 
consist of a series of locking bars placed between the 
starting signal and the signal-box, and so long as a 
train or engine is standing upon this portion of line the 
block instrument and the home signal are locked at 
"danger/' and a signalman is unable to commit an 
error. 
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Single Lines. — The Train Staff System. 

Some of the most serious accidents which have 
occurred from defective systems of signalKng and work- 
ing have been occasioned by trains meeting upon single 
lines of railway ; for instance, the collisions at Norwich 
and near Badstock. 

On small branches, or sections, with light traffic, 
only one engine in steam or two coupled together 
should be allowed at one time. 

All other single lines should be worked imder the 
train staff and ticket system, combined with the absolute 
block system of signalling. 

So long as the " staff" is at one end of the section, 
trains can be permitted to leave with a ticket, but after 
the staff itself has been sent away in charge of the last 
driver, no train must, under any circumstances, be 
started until its return. 

A few companies work single lines by means of 
telegraph messages sent from a crossing agent at the 
principal station, who arranges where trains in opposite 
directions are to pass each other. This system is 
extremely dangerous, and has caused many accidents, 
as the least mistake in a telegram may result in a 
serious collision. 

Single Lines. — The Train Tablet System. 

The train staff system (see above) combined with 
the absolute block system has for years been considered 
the best and safest method of working single lines. 
Delay, however, frequently occurs in consequence of 
the staff being at the opposite end of a section, and on 
some occasions it becomes necessary to send either an 
engine or a man on horseback to convey the staff to 
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the end of the section at which it is required. Under 
the staff system traffic can only be sent off from one 
end, although the whole section of line may be per-: 
fectly clear of trains. To overcome the difficulty 
Messrs. Tyer have introduced the " tablet system." 

The idea of this system takes its rise from the self- 
acting machines which supply post-cards, &c.y with 
the difference that the slide of the tablet apparatus is 
imlocked by means of an electric current instead of by 
a penny ; and in the tablet system the electric current 
is not intended to unlock the instrument at more than 
one end at one and the same time. 

A tablet has to be carried by every train upon the 
single line. When no train is in the section the tablet 
instruments are not in use, and the word "In" is 
shown on the white ground of both discs, indicating 
that the tablets are all in the instruments. 

For the purpose of illustrating the course to be 
adopted, A and B are supposed to represent two signal 
boxes, one at each end of a section of single line. 
Upon the approach of a train A gives to B the proper 
" Is line clear '' signal, which, having been repeated 
back by B, the signalman at A must push in the bell- 
plunger, and hold it until the galvanometer needle falls 
to zero ; the signalman B must then push the slide in 
the instrument well home, and then draw it out empty 
to the extreme extent ; this unlocks the commutator 
and lower disc, and causes the galvanometer to fall to 
zero ; A must then turn the communicator from 
"In" to " Out," and draw out the slide containing a 
" tablet," and give such tablet to the driver as an in- 
struction to proceed. 

As soon as the train arrives at the other end, the 
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driver hands the tablet to the signalman B, who, hav- 
ing placed it in the slide, pushes the slide in, and turns 
the communicator to "In." 

The slide must not be withdrawn until it has been 
pushed well home, the gauge adjusted so as to allow 
a tablet to be withdrawn or not, and the locking 
magnet has given a " click " ; in the same manner the 
" click " must be observed when a tablet is placed in 
the apparatus. It is usual to supply the instrument at 
each end with fifteen tablets in order that several trains 
may follow in the same direction. 

The system is in use upon several railways, and, it is 
stated, works satisfactorily, and saves much time. It is 
to be hoped that the system will prove absolutely reliable, 
and that by mischance two tablets will never be issued 
to drivers at both ends of a single line section at the 
same time. 

At the best of times a single line of railway is always 
a source of inconvenience and danger ; probably the 
increase of traffic will necessitate the doubling of the 
existing single lines, and Parliament should most 
firmly refiise to permit the construction of any new 
ones. From the shareholders' point of view it should 
be remembered that if a proposed new railway does not 
warrant the construction of a double line it is not worth 
making, as very few, if any, single lines, pay a reason- 
able dividend upon their cost. 

Head Lights. 

Every engine carries a distinguishing head lamp, 
the following being the code employed upon the London 
and North- Western Railway : — 
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1. Engines of fast passenger trains, fish trains, and break-down van 

trains. 
Two wldte lights — one over each buffer. Fish and break-down 
van trains by day must carry a white diamond board over 
right-hand buffer. 

2. Engines of slow passenger trains, and light engines. 

A white light over left-hand buffer. 

3. Engines of ** express " goods and through trains of cattle, perish- 

ables, and shipment traffic. 

One green light over right-hand buffer, and one white light 
over left-hand buffer : a white diamond board at bottom of 
engine chimney during daylight.— /S^ef Note A. 

4. Engines of fast goods trains not having to stop at intermediate 

stetions and sidings ; also ballast trains not stopping to do work 
on the road. 
Two green lights — one over each buffer. A white diamond 
board over left-hand buffer of engine during daylight. 

5. Engines of stopping goods, mineral, and ballast trains. 

One green light over left-hand buffer. 

Where there are more than two lines (one up and one down), a 
green light must be carried at foot of chinmey by engines of all trains 
travelling on the auxiliary lines. 

Light engines on the auxiliary lines must carry one green light at 
the foot of the chimney, the light on the buffer plank being dispensed 
with. 

Note A, — ^Urgent express goods, cattle, meat, or vegetable trains 
requiring unusual despatch, will, under special instructions from the 
district superintendents, carry the following distinctive head sig- 
nals : — 

By day — ^A white oval board, with green cross on it, at foot of 

chimney. 
By night — One green light over left-hand buffer, and one white light 

over right-hand buffer. 



Shunting upon Main Lines. 

Several collisions have taken place during recent 
years in consequence of the absence of Lie-by Sidings, 
and the necessity to shunt goods trains from one main 
line to another for other trains to pass. 

On the 11th November, 1890, a serious collision 
occurred at Norton Fitzwarren upon the Great Western 
Railway, by which ten persons were killed and twelve 
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lujured. A goods train having been shunted, was for- 
gotten by the signahnan. It has been urged that 
" clearance bars " and several other appliances should 
be used to protect shunted trains ; the only safe .axul 
proper remedy, however, is to have lie-by sidings for 
shunting, and abolish completely the dangerous prac- 
tice of shunting from one main passenger line to 
another. 

Several railway companies in consequence of this 
accident have had returns made showing the numbers 
of trains thus shunted, and a number of lie-by sidings 
have been ordered, and are now in progress of con- 
struction. 

The author, however, would urge upon drivers and 
guards to take precautions to protect their own safety 
and the safety of their trains by reminding the signal- 
man of their presence upon a wrong line. When a 
train is placed in a dangerous position, or if it be kept 
standing waiting for signals, the fireman or the guard 
should go at once to the signalman to ascertain the cause, 
and thereby prevent the signalman forgetting the train. 

An engine-driver, when shunted on to a wrong road, 
should keep an eye upon the signals which protect 
him, and if he observes that by error the signalman is 
lowering those signals which should be " on,'' he 
should instantly open his whistle and take steps to call 
attention. If drivers, firemen, and guards would take 
this hint, which is thrown out for their own safety, 
the author is convinced that many of the collisions 
which now occur in consequence of signalmen " for- 
getting *' trains would be avoided. 

On the London and North-Western Railway a rule 
has now been made that—* 
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** When it is necessary for a train to be shunted on 
to the opposite line for another train to pass, the 
fireman must go into the signal-box and remain there, 
to remind the signalman that the road is occupied. 

*' At night and during fogs or falling snow, the head 
lights of the engine of any train so shunted must be 
reversed to show red lights in the direction of an 
approaching train on the same line. 

** If the fireman is unable to remain in the signal-box, 
he must obtain the iron target which is used in front of 
the engine to denote[the description of train, and place it 
on the lever of the home signal for the road occupied." 

Hydraulic Working and Interlocking of 
Bailwat Points and Signals. 

Messrs. Saxby and Farmer have lately introduced the 
system of worl^g points and signals b/hydrauHcFea- 
sure. It is being tried on the Mediterranean railway, 
also in India and America, and a description is there- 
fore necessary in this volume. The hydraulic power is 
created by working the hand pump and raising the 
accumulator, and the fluid pressure so obtained is con- 
veyed by small pipes to cylinders with pistons fixed at 
the points and the signals, the transmission of the power 
being regulated by the working of the small levers in 
the miniature locking frame. By these means points 
and signals can be worked with the greatest ease, irre- 
spective of the distance they may be from the cabin, 
scarcely any manual labour being required. Fig. 15 
illustrates the plan of facing points worked and inter- 
locked by the hydraulic system. 

To obviate difficulty from freezing during severe 
winters, a mixture of glycerine and water is used. 
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CHAPTER IV. 

RAILWAY BRAKES. 

In nearly all the more calamitous of the great railway 
accidents of recent years, those which have been 
attended by the largest destruction of life, rolling-stock, 
and property, it has been constantly proved that even 
if the first cause of the catastrophe, such as the break- 
ing of axles, or failures of signals, &c., were admitted 
to have been unavoidable, all the worst consequences 
would have been either entirely prevented, or very 
greatly mitigated, if the train had been fitted with an 
efficient automatic continuous brake ; it is, therefore, 
an extraordinary fact that the introduction of such 
brakes has been delayed for years in this country, and 
the story of the battle of the brakes, when ultimately 
written, will form one of the most curious, but 
certainly not the most creditable chapters in English, 
railway history. 

As soon as railways were introduced, it became 
apparent that it was essential to public safety that 
trains should be capable of being stopped in the, least 
possible distance in case of accident, or of an obstruc- 
tion on the line, and this necessity constantly increases 
as the weight and speed of trains become so marvel- 
lously augmented. An ordinary main line express 
train may be considered as equsd to about 220 tona^ 
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including the engine and tender ; sueh a train running 
at a speed of 60 miles an hour, passes oyer a space of 88 
feet per second, and has a vis viva, or stored-up force, of 
equal to no less than 26,452 foot-tons ; and if the train 
comes into collision, it will strike another train or any 
obstruction with a blow or destructive force equal to a 
ton weight falling from a height of five miles. To stop 
the train in the shortest space, and destroy this enormous 
momentum is the great object of efficient brakes. For 
many years the hand brakes upon tenders and guard's 
vans were considered sufficient, but experience has 
long since proved that they do not provide for safety. 

Mechanical and non- automatic continuous brakes 
were next invented; they are useful under ordinary 
circumstances, and so long as they remain in order, but 
they are absolutely powerless in cases of emergency, or 
at the very moment when required to act as life-saving 
appliances. All non-automatic brakes are slow in 
action, liable to fail at any moment, and in case of 
accident are rendered useless. These very serious 
defects led to the introduction of automatic or self- 
acting brakes. Every engine, tender, and vehicle 
should carry its own store of brake force ready for 
instant use ; it therefore follows that if every coupling 
in the train were to be broken, each portion or vehicle 
woidd stop itself. This principle has been worked out, 
and perfection appears to have been reached in the 
form of continuous brakes fitted to every wheel capable 
of application by the driver (or either of them when two 
engines are employed), by either of the guards, and self- 
acting in case of accident. 

In June, 1875, the celebrated Newark brake trials 
were conducted under the direction of the Boyal Com- 
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mission on Railway Accidents ; the ground selected was 
part of the Nottingham and Lincoln branch of the 
Midland Railway, extending from near Newark to 
Thurgaton, since known as the racecourse. 

The following table shows the systems tried and the 
results obtained when the utmost was done to stop the 
trains by the application of all available brake-power, 
the use of sand, and the reversing of those engines not 
provided with brake blocks. 

NEWARK TRIALS (Series 1, Section E). 



Railway 
Company. 



Name of Brake. 



Midland 

L. & Y. 

L. & N.-W. 

Midland 

L. &Y. 

G.N. 

Caledonian 

L. B. & S. C. 



♦Westinghouse automatic 
♦Fay and N.-E. engine . 
tClark and Webb . . . 
♦Barker hydraulic . . 
fFay and L. & Y. engine 
t Smith vacuum . . . 
fSteol Mclnnes . . . . 
♦Westinghouse vacuum . 



Speed, 

miles per 

hoar. 


Difriance 
of stop 
in feet. 


6U 


825 


67: 


1,385 


47 


964 


60: 


1,101 


46 


913 


45 


905 


49} 
62 


1,120 
1,533 



Retarding 
force 
in per- 
centage. 



10-64 



7 
7- 
7- 
7" 
7- 
7- 
6 



94 
79 
64 
60 
47 
33 
88 



The brakes are placed in the order of merit and 
efficiency, as shown by the percentage recorded in the 
last column. 

To accurately estimate the relative ralue of a brake 
is very necessary, and as trains are of different weights, 
and running at various speeds, direct comparison is 
impossible, but the desired information is easily obtained 
by establishing a " basis or comparison," and expressing 
the average efficiency of the retarding force of the 
\)rakes in percentages of the weights of the trains. 

This method of comparison is thus worked out : the 

• Brakes applied to engine wheels. 

t Engines reversed being unprovided with brakes. 
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weigtt and speed of a train being known, the foot-tons 
of energy accumulated in it are at once found by 
multiplying the speed by itself (squaring the speed), 
also by '0334, and by the total weight of the train. 
Now, the work done by a brake in stopping a train, 
must, of course, be equal in amount to the total energy 
of that train, and this work is made up of the retarding 
force multiplied by the distance through which it acts ; 
it therefore follows that the retardation of a brake equals 
the energy, or vis viva of the train divided by the dis- 
tance run in making the stop. To facilitate calculation, 
it is found most convenient to express the relation or 
proportion of retarding brake force in the form of a 
percentage of the total weight of the train ; thus, if a 
train of 200 tons weight has been stopped by the 
application of a brake force of 20 tons applied to 
the brake blocks, it is clear that it can be expressed as 
a retarding force of 10 per cent. 

The following useful formula enables the average 
brake force exerted in making any given " stop " to be 
ealculated : thus, suppose a train to be stopped from 
50 miles an hour on the level in 835 feet, 50 squared 
multiplied by 3*34 and divided by 835, gives the 

50^ 
result 10'; or thus, 3*34 ^77^ = 10-, which means that 

the average brake force was 10 per cent, or 10 tons 
for every 100 tons of the total weight of the train. 

The celebrated Newark trials were followed by others, 
on the North British Railway, December, 1876 ; North 
Eastern, May and June, 1877 ; Belgian State Bail- 
ways, 1876 and 1877 ; Germany (near Cassel), August, 
1877 ; North Eastern RaUway, October, 1878 ; Paris 
Lyons Railway, April, 1879 ; North Eastern Railway, 
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July, 1879 ; Lancasliire and Yorkshire Railway, July, 
1880. 

On the 14th and 15th July, 1879, Captain Galton 
conducted experiments on the North Eastern Railway, 
near York, with a train of sixteen vehicles fitted with 
the Westinghouse automatic brake; total weight, 
207 tons 19 cwts., 91*5 per cent on braked wheels. 



Brake applied by driver. 



Spoei 
per hour. 



61 

48 
60-6 



Gradient. 



Down in 1,200 
Level 
Level 







Retarda- 


Stop 


Time in 


tion in 


in yards. 


seconds. 


per- 
eenta^. 


207 


14-76 


140 


190 


14-6 


13-6 


225 


16-6 


12-6 



Distance ^li 

yards which 

wonld have 

been ran had 

the speed heen 

seniles an 

hour. 



198 
206 
220 



Train ** slipped." Brake automatically applied. 



62- 

66- 

69- 

60- 

62 

68 



Level 
Level 
Level 
Level 
Up 1 in 200 
Level 



223 


16-76 


13-7 


208 


16-6 


161 


290 


19-0 


13-6 


173 


13-25 


16-0 


187 


14-76 


15-6 


260 


16-75 


14-4 



203 
172 
206 
173 
178 
193 



Brake applied from van against crgLne with full steam on. 



27 



Level 



68 



9 



11-0 



262 



Captain Galton also conducted a series of experi- 
ments on the Lancashire and Yorkshire Railway at 
Gisbum, July, 1880. 

The following table gives the averages of all stops 
reduced to 50 miles an hour on a level with the 
allowance made for the different percentages of the 
braked portion of the train to the unbraked portion, 
allowance being also made for the rotating momentum 
of the unbraked wheels in the train : — 
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Bra^ 


Stops by driTer. 


Stops from van. 


Slip stops and 
automatic action. 


Distance 

in 

feet. 


Betard- 
ation in 
per cent. 


Distance 

in 

feet. 


Retard- 
ation 
percent. 


Distance 

in 

feet. 


Betard- 

ation 

percent. 


WestinghoTise, 

Gr. N. train 
Westinghouse, 

L. & y . train 
Eame's Yacuum . 
Sanders* vacuum 
♦ Fay-Newall . 


727 

716 
752 
891 
817 


11-49 

11-66 

11-10 

9-37 

10-22 


895 

914 

1,111 


9-33 
9-14 
7-19 


441 

668 
764 
722 


18.94 

12-60 
1108 
11-57 



Since the trials mentioned in 1875 — 1879 and 1880, 
several brakes have been removed, and others have 
been perfected or improved. Under these circumstances 
the Amalgamated Society has recently resolved that 
some further trials are now required, and if the neces- 
sary facilities can be obtained, it is prepared to carry 
out or be represented at such experiments. 

As long ago as the 30th August, 1877, the Board 
of Trade forwarded a circular to the companies, in 
which the advantage of having uniform brakes upon 
all lines was pointed out; and stating that there had 
been no attempt on the part of the various companies 
to agree upon what are the requirements which, in 
their opinion, are essential to a good contiguous brake. 
In the opinion of the Board of Trade, the conditions 
should be as follow : — 

(a.) The brakes to be efficient in stopping trains, 
instantaneous in their action, and capable of being 
applied without difficulty by engine-drivers or guEirds. 

* The Fay-Newall brake was applied by two guards to two sections 

of four vehicles. 
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(b.) In case of accident, to be instantaneously self- 
acting. 

(c.) The brakes to be put on and taken off (with 
facility) on the engine and every vehicle of a train. 

(d.) The brakes to be regularly used in daily 
working. 

(e.) The materials employed to be of a durable 
character, so as to be easily maintained and kept in 
order. 

The celebrated conditions, it will be noticed, are so 
obviously necessary and practical, that they are scarcely 
open to discussion. 

It might have been supposed that the various com- 
panies would have at once attempted to secure both an 
e£Scient brake and uniformity of system ; but unfor- 
tunately this has not been the case. Companies which 
work in direct connection, and exchange a large amount 
of rolling-stock, do not even employ the same system ; 
the result is that the vehicles of one company cut off 
or render useless a portion of the brake power upon 
another company's train. 

So great has this difficulty become, that it has been 
necessary to actually fit a large number of vehicles 
with two complete brakes, of course at double cost. 
The extremely unsatisfactory state of the brake 
question, as it existed in 1886, is clearly shown by the- 
facts recorded in the following report made by the 
writer : — 



THE CONTINUOUS BRAKES QUESTION AS IT EXISTED 

IN THE YEAR 1886. 

Report by Mr. Clement JE. Stretton, Consulting Engineer y 
to the General Secretary of the Amalgamated Society 
of Railway Servants. 

[Copy.] 

Leicester, 

October 28, 1886. 

Dear Sir, — In accordance with the wish expressed 
in your letter of the 20th instant, I have carefully 
examined the Continuous Brakes return for the first 
half of the year 1886, which has, since the meeting of 
the Congress at Brighton, been Issued by the Board 
of Trade. It again furnishes evidence (if any were 
required) that the companies are not taking the neces- 
sary steps to arrive at the use of a general system, and 
it is very unsatisfactory to find that a considerable 
amount of rolling stock has during the past half-year 
been fitted with inefficient non-automatic brakes which 
make no claim to fulfil the conditions laid down by the 
Board of Trade, thus practically placing that depart- 
ment of the Government at defiance. 

I have drawn up the following tabulated statement, 
showing at a glanee the amount of stock fitted and 
unfitted on the 30th June, 1886 :— 

H 
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Engines 

fitted with 

brakes. 



Total amount of stock- 
returned as fitted 
with brakes which 
appear to comply 
with conditions of 
Board of Trade 

ITotal fitted with 
brakes which do 
not comply . . 

Total fitted . . . 
Not fitted with any 
continuous brake 

Total passenger roll 
ing stock therefore 



I 



Engines 

fitted with 

apparatus 

for working 

the brakes. 



Carriages, 

&c., fitted 

with brakes. 




Carriages, 
&c., fitted 
with pipes 
or chains 
only. 



61,790 



From these figures it will be seen that out of a total 
of 7,480 engines and 51,790 carriages, &c., only 2,604 
engines and 22,230 vehicles have brakes which even 
** appear '* to fulfil tha Board of Trade conditions, and 
from a further examination of some of the brakes I am 
able to report that a large number of vehicles returned 
as e£Scient are not so in actual practice. This latter 
fact appears to be known to the Board of Trade, as on 
page 28 the return states in a footnote, " These totals 
are the numbers of engines and carriages returned by 
the railway companies as fitted with continuous brakes. 
It will be observed, however, that some of the brakes so 
returned but very imperfectly fulfil that designation." 

A careful examination of the return shows that it is 
so full of incorrect statements that for all practical 
purposes of comparison it is absolutely useless. For 
instance, the North London Company reports that the 



THE TWO-MINUTE BRAKE 99 

Clark and Webb chain brake fulfils the necessary con- 
ditions, whereas the London and North- Western makes 
no such claim. 

The Midland and Great Western Companies include 
a large amount of rolling stock as fulfilling the con- 
ditions, which is fitted with the dangerous "leak-off" 
or two-minute vacuum brake. It is hardly necessary 
to here report that this system is not eflScient, as the 
numerous accidents which have been caused by it and 
the reports of the Board of Trade inspectors have clearly 
proved this fact. 

The Midland Company has fitted 175 passenger 
engines and tenders with what the return calls an 
automatic steam brake, working in conjunction with 
the vacuum brake on the train. I have examined and 
tested the appliance, and find that although it may do 
very well under ordinary circumstances, it is absolutely 
useless in case of disaster, as the moment the engine 
and tender part, the steam pipe is broken, and the so- 
called automatic steam brake fail? to act ; therefore it 
does not fulfil the important condition of being e£Scient 
and self-acting in case of accident. 

The tabidated statement which will be found on 
page 3 of the return is incorrect and very misleading. 
The totals given include engines fitted with apparatus 
for working the brakes, and vehicles which have only 
through pipes, but no brake blocks. Such rolling stock 
does not fulfil any condition, as there can be no pos- 
sible brake power when an engine has simply the 
apparatus for working brakes on carriages and no 
blocks on its wheels ; neither can vehicles with pipes 
only be of any value in case of accident. I have now 
before me details of a recent case in which a train was 
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sent out with an engine with no blocks on its wheels, 
and eighteen yehicles, fourteen of which had through 
pipes only. Such a train woidd be returned to the 
Board of Trade as working a certain number of miles 
with a continuous brake ; but in fact it was almost in 
as bad a position, as regards stopping power, as a train 
without such a brake; and so long as horse-boxes, 
fish-trucks, and other vehicles are run in passenger 
trains it is essential to safety that they should be pro- 
vided with the continuous brake gear complete. If, 
therefore, the ine£Scient systems, and the engines with 
apparatus, and vehicles with pipes, be deducted from 
the brakes which " appear *' to comply with the con- 
ditions, the unsatisfactory aspect of the brake question 
will be very clearly seen. The policy of the London 
and North- Western Company in removing the Clark 
and Webb chain brake, and substituting the simple 
vacuum, which does not comply with the conditions, is 
most imsatisfactory, as it is but a waste of a large 
amount of shareholders' money, for without doubt this 
vacuum brake will at some future time either have to 
be entirely removed or altered to an automatic system 
at a further cost. The Manchester, Sheffield, and Lin- 
colnshire Company's return shows that it is continuing 
the use of the same Smith's vacuum brake which led to 
the death of twenty-four persons and injury to sixty- 
two at Penistone two years ago. Another accident 
occurred at Penistone on 1st September last, when part 
of an express train ran back, coming into collision with 
a waggon standing in a siding near the buffer stops, 
thus causing injury to twenty-four persons ; and from 
my examination of the place and the facts, I have no 
doubt whatever that if the train had been fitted with 
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an automatic brake the accident would not have taken 
place. For some time past it has been well known to the 
Amalgamated Society that certain companies will never 
settle or attempt to settle the brake question until com- 
pelled to do so. It is therefore to be hoped that Par- 
liament will deal with Mr. Channing's Bill at an early- 
date next session. 

The returns relating "to brake failures are, as upon 
previous occasions, very incorrect ; a large number of 
cases, of which the Society has details, are not reported 
at all, and others are either placed under the wrong 
headings, or are even charged to the wrong brakes. It 
is also important that the companies should be required 
to furnish the name of the place where the failure 
occurs, as without this information it is impossible to 
trace a case, or to know if it is or is not reported. The 
Metropolitan Company, for instance, gives twelve cases 
in which " a train overran the platform of a stationy^ 
through the failure of Smith's vacuum brake. The 
Great Eastern, and Glasgow and South- Western, also 
omit the names of stations. 

The Lancashire and Yorkshire Company report an 
actual failure to act on 25th February at Hindley 
simply as one of delay, whereas it is a case which 
ought to have been recorded under Class 2. The same 
company records ball- valves and vacuum apparatus out 
of order, as belonging to the Westinghouse brake. The 
Midland Great Western of Ireland reports three failures 
of Smith's vacuum brake simply as delays, but they 
belong to Class 2, as the trains ran past stations six, 
five, and eleven carriage lengths respectively. 

During the half-year there have been three col- 
lisions reported caused by failures of continuous brakes. 
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(1) The vacuum pipes on a Great Northern train be- 
came imcoupledy and a collision with the buffer stops 
at Kirkstead was the result. (2) A North- Western 
train ran into the buffer stops at Sutton Coldfield, 
owing to the breakage of the stalk of the ejector of the 
vacuum brake. (3) The coupling of a North- Western 
engine broke near Birmingham, and the carriages ran 
into the engine, as the vacuum brake failed to stop 
them. It is hardly necessary to point out that these 
three accidents could not have occurred if the Great 
Northern and North- Western companies had employed 
brakes which are automatic in action. 

The Board of Trade requires that the returns relating 
to brake failures should be placed under one of three 
heads, as follow : (1) Failure or partial failure of the 
continuous brakes to act when required in case of an 
accident to a train, or a collision between trains being 
imminent. (2) Failure or partial failure of the con- 
tinuous brakes to act imder ordinary circumstances to 
stop a train when required. (3) Delay in the working 
of trains in consequence of defects in, or improper 
action of, the brakes, distinguishing whether they arose 
from neglect or inexperience of servants, or failure of 
machinery or material 

It would be a very great advantage if the totals of 
each brake, under each heading, were placed in a sum- 
mary or tabulated form, as at present the information 
extends over fifty-eight pages of the return, and there- 
fore cannot be easily compared. The London, Brighton, 
and South Coast Bailway reports that five accidents 
have duiing the half-year been avoided by the use of 
the Westinghouse automatic brake. 

The working of the Steel-Mclnnes brake has become 
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practically extinct ; it has been removed from the three 
engines upon the Caledonian to which it was fitted, and 
its removal from the carriages is now being carried out. 

In view of the very unsatisfactory manner in which 
the companies make their returns, T trust the Board of 
Trade will appoint a committee, as suggested by the 
recent Congress, to examine and report upon the various 
brakes. 

In this report I have only dealt with a few of the 
incorrect and misleading statements, but sufficient has 
been said to prove to you and to the Society that for 
all practical purposes the Board of Trade return has 
been rendered valueless. — I am, yours faithfully, 
(Signed) Clement E. Stretton, 

Consulting Engineer A.S.H.S. 

To E. Harford, Esq., 

General Secretary A.S.R.S., 

306, City Road, London, E.C. 



The Railway Regulation Acr op 1889. 

Upon page 10, of this volume the author expressed 
his opinion that certain railway companies would never 
attempt to settle the brake question until compelled to 
do so. The necessary compulsion has since been applied 
by Parliament, by means of the Railway Regulation 
Act, 1889, which was passed more especially in con- 
sequence of two very disastrous accidents, (1) On the 
16th September, 1887, a serious collision occurred at 
Hexthorpe, upon the Manchester, Sheffield, and Lin- 
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colnshire Railway, when twenty-five persons were 
killed and ninety-four injured. The block system had 
been suspended ; a curve and bridge obstructed the 
driver's view until he was within 359 yards of another 
train. That distance was more than ample to have 
stopped a train provided with a proper automatic 
continuous brake, but unfortunately the company only 
used Smith's simple vacuum brake, which is well 
known to be ineflScient, and constantly fails to act when 
required. On that occasion it did fail to act, and the 
terrible loss of life followed. (2) On the 12th June, 
1889, a terrible accident took place at Armagh, when 
the rear portion of a passenger train ran back down 
an incline and dashed into a following passenger train, 
in consequence of Smith's vacuum brake being non- 
automatic. Eighty lives were lost and 260 persons 
injured. This disaster caused the Government to prac- 
tically adopt the Bill which Mr. Channing had intro- 
duced for so many years, and the Railway Regulation 
Act of 1889 was passed 30th August, 1889. 

The Board of Trade, under the powers granted, 
issued a circular to the companies, dated 24th October, 
1889, directing attention to the fact that the block 
system, interlocking system, automatic continuous 
brakes, and other requirements were necessary, and 
that "The Board of Trade propose that the time 
limited for compliance with the orders should not 
exceed : — 

** For adoption of block working , . one year. 
For adoption of interlocking . . eighteen months. 
For adoption of cbntinnons brakes . eighteen months." 

The Board of Trade requires the brakes to be capable 
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of being applied by engine-drivers and guards, and 
self-acting in case of accident. 

Under this heading we find three systems —namely, 
the Automatic Vacuum, Steel-Mclnnes, and Westing- 
house Automatic. The Steel- Mclnnes brake, however, 
is only fitted to twenty-nine vehicles upon the Cale- 
donian Railway ; we may, therefore, consider that for 
all practical purposes there are but two brakes returned 
as efficient. 

Under the second, or non-efficient, heading the fol- 
lowing brakes are recorded : — 

Clark's Chain, Clark and Webb's Chain, Fay's, 
Ne wall's, Parker- Smith's, Smith's Vacuum, Tacuum 
Webb's, Westinghouse Non-automatic. 

The annexed table shows the total number of vehi- 
cles fitted and unfitted at the close of the half-year 
ending 30th June, 1890 : — 

Engines. Vehicles. 
Fitted with efficient brakes fulfilling the 

Board of Trade conditions . . . 4,749 38,237 

Fitted with brakes which do not fulfil 

conditions 539 5,912 

Fitted only with apparatus for working 

or connecting brakes, or with through 

pipes, rods, or chains . . . . 4,746 7,644 

Not fitted with either continuous brakes, 

apparatus, pipes, or chains . . 410 2,263 

Total stock, therefore . 10,444 54,056 

It will be observed that the brakes on 539 engines 
and 5,912 carriages will have to be changed from 
dangerous non-automatic systems to one or other of 
the two automatic systems. 4,746 engines, and 7,644 
vehicles which now have simply pipes and apparatus, 
require to be fitted with brake blocks, and 410 engines 
and 2,263 coaches require brakes complete. 
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On the 4th of March, 1890, a very serious collision 
occurred at Carlisle, in consequence of the Automatic 
Vacuum Brake failing to act upon a London and North- 
Western express train, in consequence of its being 
frozen, thus causing the deaths of four persons and 
injury to fifteen others ; the following being the verdict 
of the coroner's jury : — " We find that the deceased, 
Jeannie Muirhead Lowson, Walter Ford, Mary Huxter, 
and William Lowles, were accidentally killed owing to 
the train in which they were travelling overshooting 
the platform and coming into collision with an engine 
belonging to the Caledonian Railway Company, and 
that ^uch collision was entirely due to the failure of 
the brake with which the train was fitted. We acquit 
the driver of all blame, and are of opinion that he used 
all available means at his hand to stop the train. We 
are further of opinion that the London and North- 
Western Railway Company are incurring great respon- 
sibility in using a brake of such an uncertain and 
unreliable character." 

The verdict was unanimous, and was signed by all 
the eighteen jurors. 

Regulations have been drawn up to overcome the 
difficulty of this brake freezing, but the recent severe 
winter has shown that the Automatic Vacuum Brake 
requires the greatest care, and even then cannot bo 
relied upon in winter time, as, without giving any 
warning, the main vacuum pipe, especially between 
the engine and the tender, becomes blocked with 
ice. 

The author, having during the past twenty-three years 
inspected and worked all the continuous brakes in use, 
is of opinion that at the present time there are but two 
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systems tliat can be considered efficient^ or that are at 
all likely to come into permanent use^ namely, the 
Westinghouse automatic air brake, and the Vacuum 
Company's, or Gresham's automatic vacuum brake. 

These two inventions may be said to represent the 
best of their respective classes or principles, and are, 
therefore, fully described and clearly illustrated. It 
would no doubt have been better and cheaper to have 
had one universal brake for the whole country ; but as 
at present this seems almost impossible, it is not too 
much to hope that the companies will use either one or 
other of these two brakes, and rolling-stock intended 
for through or exchange traffic should be provided with 
the complete apparatus for each system : this would be 
a great stride towards the settlement of the brake 
question. 

The action of the Westinghouse, or pressure system, 
is based upon the use of compressed air, or pressure 
greater than the 15 lbs. of the atmosphere ; whereas 
the vacuum system is applied by the force of the 
atmosphere acting upon one side of a piston, from the 
opposite side of which about 12 lbs. of the atmo- 
spheric pressure has ijeen purposely drawn out or 
removed. 

Description of the Westinghouse Automatic Brake. 

The Westinghouse automatic brake is continuous 
throughout the train, and is operated by compressed 
air stored in a main reservoir on the engine, and in 
small reservoirs, one upon each engine, tender, and 
carriage, all connected by a pipe running the length 
of the train. There is also on each vehicle a triple 
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valve and brake cylinder, with pistons connected to the 
brake levers. 

Maintaining the pressure in the brake-pipe keeps the 
brakes off; but letting the air escape from the brake- 
pipe, purposely or accidentally, instantly applies the 
bi^es, by allowing air to pass from the small reservoirs 
into the brake cylinders. 

Fig. 16 shows the brake complete on an engine and 
tender. 

The engine, tender, and every vehicle of a train is 
fitted with the following parts, to be found on Figs. 16, 
17, and 18 : A triple valve, f, by means of which the 
instantaneous automatic action is produced, in conjunc- 
tion with a small reservoir, g, in which is stored the 
compressed air for applying the brakes; a brake 
cylinder, h, with pistons and rods connected to the 
brake levers and blocks. Upon the engine is also 
placed the steam-engine and pump, ab, which pro- 
duce the compressed air; a main reservoir, c, for 
storing the air necessary for releasing the brakes and 
recharging the small reservoirs ; a driver's brake valve, 
D, which regulates the flow of air from the main 
reservoir into the brake-pipe for charging the train and 
releasing the brakes, and from the brake- pipe to the 
atmosphere for applying the brakes. A single line of 
pipe, E, called the brake-pipe, extends the whole length 
of the train. Each van has a guard's valve connected 
to the brake-pipe, and a gauge to indicate the pressure 
of air. 

General Principle of Action. 

Compressed air is the power employed to work the 
brake. 

The air, compressed by a pump on the locomotive to. 



:he thipi-e valve. m 

flay, 70 lbs. or 80 lbs. to tte square inch, fills tho 
main reservuir on the engine, and flowing through the 
driver's brake valve and main pipe, also charges the 
supplementary reBervotrs throughout the train. "When 
a train is running, uniform air pressure exists through- 
out its length — that is to say, the main reservoir on 
the engine, the pipe from end to end of the train, the 
triple valves, and the supplementary reservoirs are aU 



^■flay, 70 lb 
^^F main reser 
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charged ready for work, the brake cylinJera being 
empty and the brakes ofi^. The essential principle of 
the system is that maintaining the pressure keeps the 
brakes off, but letting the air escape from the brake- 
pipe purposely or accidentally instantly applies them. 
As soon as the pressure in the brake-pipe is lowered, 
the triple valve piston on each vehicle is moved down 
by the greater pressure above it stored in the small 
reservoir, the air is then allowed to pass instantly into 
the cylinder, force out the piston and rods, and thus 
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cause the blocks to press against the wheels. It fol- 
lows, therefore, that the brake may be applied by the 
driver or any of the guards, or, if necessary, by a 
passenger*, as well as by the separation of a coupling 
or the failure or injury to a vital part of the apparatus, 
whether due to an accident to the train or to the 
brake ; and as the brake on each vehicle is complete in 
itself and independent, should the apparatus on any 
one carriage be torn off, the brake will nevertheless 
remain applied for almost any length of time upon the 
remainder of the train. 

The brakes are released by an increase of pressure in 
the main pipe, produced by the driver allowing air to 
pass from the main reservoir along the train. This 
moves up the triple valves, recharges the small 
reservoirs, and at the same time allows the air which 
had forced out the pistons to escape into the atmo- 
sphere, and the blocks to be withdrawn from the 
wheels by the spiral spring within the cylinder. By 
closing the half-inch cock, A, on the branch leading from 
the train-pipe to the triple valve, the brake on any 
vehicle can be cut out of the system. A release valve, 
A', is also placed upon each cylinder, so that in the event 
of the brakes being applied by the separation of the 
train, or the breaking of a pipe, or when the locomo- 
tive is not attached, they can be released by allowing 
the air to escape from each brake cylinder direct. This 
release valve can be opened from either side of the car- 
riage by pulling a cord, and as it closes automatically 
there is no fear of its remaining open after being used. 

To enable vehicles to be detached without setting 

m 

* If desirable the brake can bo placed under the control of pas- 
sengers ; but the author does not consider this necessary. 
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tte brakes there is an inch cock at each end of every 
vehicle, which also serves to close the brake-pipe at 
the ends of the train. These cocks must always be 
opened after connecting the hose conplings e, and 
always closed before separating them. 

It will thus be seen — 

1st. That it is the air stored in the small reservoirs 
which applies the brakes, while the air in the main 
reservoir releases them ; and 

2nd. That the. brakes are applied by a decrease of 
pressure in the brake-pipe, and taken o£E by restoring 
that pressure. 

^ So that, whether by the driver or guard operat- 
ing his brake-valve, the accidental separation of 
the train, the breaking of a pipe, or any other 
means by which the pressure in the brake-pipe 
is suddenly reduced below that in the small reser- 
voirs, the brake will be put on, and will remain 
on. It is, therefore, automatic in its action, and is a 
"tell-tale" as to its own condition, and the author 
finds it to completely fulfil all the Board of Trade 
requirements. 

Having considered the action of the brake itself, it 
is important to trace the effect of admitting air to the 
brake cylinder and the result upon the brake blocks 
themselves. 

For this purpose the four-wheeled carriage. Fig 17, 
should be examined. 

Let us take a train charged with air as shown upon 
the driver's and guard's gauges to 75 lbs. per square 
inch. If the brake be now fully applied by driver, 
guards, or automatically, the air in the small reservoirs 
will expand and the actual force in each of the brake 

I 
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cylinders when the brake is full on will be 60 lbs. per 
square inch. 

The brake cylinder is 8 inches diameter, and each 
piston contains 50 square inches, therefore we see that 
each piston is forced out with a power of 50 X 60 
equals 3,000 lbs. Each piston and connecting rod con- 
veys the power to the top of the lever shown on the 
diagram. These levers are 18 inches long between the 
centres, and at a distance of 12 inches they are con- 
nected to the rods for the inside blocks, and at the 
bottom they are connected to the outside blocks. 

One pair of brake blocks therefore forms a fulcrum 
for the other pair. 

As regards the inside pair of blocks, that is those 
nearest to the centre of the carriage, the lever becomes 
" a lever of the first order," and the power is increased 
three times ; whereas, as regards the outside blocks it 
becomes " a lever of the second order/' and the power 
increases twice. 

Thus it will be seen that — 

. 3,000 X 3 equals 9,000 lbs. on the inside blocks. 

3,000 X 2 equals 6,000 lbs. on outside blocks. 

Total, 15,000 lbs. on each pair wheels. 

Therefore it follows that when a driver with 75 lbs. 
of air, puts on the Westinghouse brake, upon a carriage 
similar to our illustration, he applies a force of 4,500 
lbs. to each inside brake block, and of 3,000 lbs. to 
each outside block, or of no less than 30,000 lbs. to the 
eight blocks. 

When it is considered that the Westinghouse brake 
thus brings a brake block pressure of over 13 tons upon 
the wheels of an ordinary carriage, in the least possible 
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time, it is not surprising that it will bring trains to rest 
from 50 miles an hoxir in less than 200 yards. 

The Westinghouse Quick-Acting Brake. 

It has been explained that the ordinary Westing- 
house Brake is applied, under ordinary circumstances, 
by discharging air through the driver's valve, and is 
intended for trains of 20 or 25 carriages. To make the 
brake still quicker, and available for trains of twice 
that length, a new arrangement of driver's valve and 
triple valve has recently been introduced, known as 
the " Westinghouse Quick- Acting Brake,'' and is speci- 
ally designed for use upon long trains of 50 vehicles. 

The principle of the new arrangement is that instead 
of the air in the main pipe being discharged and 
wasted, it is turned into the brake cylinders, thus saving 
both " air " and " time; " and by its use the brakes on a 
train of 50 cars, 1,900 feet long, can be applied in less 
than two seconds. This " quickly acting " form is now 
being generally adopted in America and other parts of 
the world, and is being used on several English lines. 

Description of the Vacuum Brake Company's 
Improved Automatic Vacuum Brake. 

Those who remfember the vacuum brake as introduced 
into this country about the year 1874 by Mr. Smith 
will hardly be able to recognise it in its present 
improved form, the difEerences between the old and 
the present systems being so numerous that prac- 
tically nothing remains but the principle of pro- 
ducing the vacuum ; in other words, the present 
automatic vacuum is a new and distinct appliance, and 
in place of the old non-automatic and inefficient 
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■tpparatna a brake has been perfected whicb " appears " 
to comply with the celebrated conditions of the Board 
of Trade. 




Tbe brake is worked by atmospberic preasore of about 
24 inches of mercury or 13 lbs. per square inch. This 
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partial Tacnum is obtained by means of a ateam-worbed 
ejector fixed tipou the engine, Figs. 19 and 25, and sup- 




plied vitli steam from the locomotive boiler. The action 
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of the ejector is inductive, the effect of the steam jet 
being to dritw out the air from the train-pipe and all 
vessels in connection therewith. Beneath each vehicle 
in the train is fixed a cylinder, which is in communica* 
tion with the train-pipe, Eigs. 22, 23, 24. When the 




Fig.,21.— End View. 



steam is turned through the ejector all these cylinders 
are emptied of thoir contents, hut when from any 
cause, whether the accidental division of the train or 
the intentional act of the driver or guard, air is 
admitted to the train-pipe, a email hall- valve is caused 
by the rush of air to change its position, hy doing which 
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the passage from the train-pipe to one side of the piston 




cloeed, wLilst the other eide is left open to the train- 
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pipe. The piBton is thua oat of equilibrium, and the 




nnbolaaoed pressure Txpaa its underside forcee it up^ 
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and thus brings the brake blocks to bear upon the 
wheels. 

When it is desired to release the brakes the air inlet 
valves are closed, and the ejector being set to work 
again draws out the air from the train-pipe and 
cylinders. As soon as the pressure on the under side 




Fig. 24.— End View of Van. 

of the piston is reduced to an equality with that on the 
top side, the ball- valve opens the top side passage to 
the train-pipe, and the two sides of the piston being in 
equilibrium the brakes fall off the wheels by their own 
weight and the weight of the descending piston. 
Hence, in running, a vacuum is maintained throughout 
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all the pipes and cylinders by means of the ejector, and 
the brakes are applied by destroying the Tacuam on 
one side only of the brake pistons. 

The general arrangement of the apparatus will be at 
onoe understood from the elevations and plans shoiving 
it attached to engines and vehicles. Figs. 19, 20, 21. 

Haying described the principle of the brak^ the 




Pig. 25.— EjedOT. 



following particulars of details will show how the 
required results are obtained. 

Fig. 25 is the combined ejector by which the vacuum 
is formed and maintained in the train-pipe and brake 
cylinders. It is arranged so that, when the handle ia 
in the position shown, a small supply of steam is 
allowed to pass the cones of the small continuous 
ejector, for the purpose of keeping the vacuum from 
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destruction by leakage. When the handle is at ON 
the train-pipe is filled with air through the numerous 
perforations of the handle disc. When at OFF steam 
passes through the large ejector at its full power, 




Fig. 26. 



withdrawing air from the pipes and both sides of the 
brake pistons, and thus releasing the brake. 

The formation of the vacuum is brought about by 
the inductive action of the passage of a small amount 
of steam around the conical riozzles, the steam carrying 
with it a very much larger quantity of air. By the 
ejector handle the driver can easily either fully apply 
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or release the brakes, or lie can adjust the pressure 
of the brake blocks to suit any necessary require- 
ment. 

Fig. 26 is a sectional view of the engine and tender 




Kd. 27. 



brake cylinder ; it is provided with a piston made air- 
tight by means of a rolling ring which allows freedom 
of motion to the piston. To the piston is attached a rod 
which is directly connected with the brake levers, aa 



THE BALL ' 



shown, and to allo^r for the cnrrature of the path de- 
scribed by the movlDg lerers, the cylinder is BWimg on 




Section of the Boll Voire. 



trunnions. Upon the uodeTside of the cylinder ia 
fixed the ball -valve. 

Fig. 27 showB the cylinder used for carriages and 




Eg. 29.— ElevfttioQ of Ball Valve. 
Tans ; it ia similar to those for engines, except that it 
is placed within an outer casing of wrought iron, to 
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r* VACUUM 



which are attached thfe trunnions upon which the 
cylinder swings. The outer casing acts as a vacuum 
reservoir, and its effect is to minimise the effect of 
compression of the rarefied air above the piston when 
the brakes are applied. 

Fig. 28 is a section of the 
ball-valve which provides 
for the automatic action of 
the brake. It consists of a 
chamber having free com- 
munication with the train- 
pipe, and with the lower 
side of the brake cylinders, 
to each one of which one of | 
these valves is attached, 
and forms part of the con- 
nection between them and 
the pipe. 
From the 
chamber 
of this 

automatic valve is also 
another passage, which leads 
to the lop side of the brake 
cylinders, but this passage 
has a ball-valve to close it. 
This ball, however, has no 

tendency of itself to close ^ig- 30.— Guard's Valvo. 

the passage, being neutral, owing to the horizontal 
direction in which it rolls. It will therefore be seen 
that when the ejector is put in action the ball will 
allow air to flow out from above the brake pistons as 
freely as it flows from below them. When, however, 
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air 18 admitted to the train-pipe, by the driver, guard, 
OP by the passenger, or by the breaking of the train, 
the rush of air to the now empty cylinders easily rolls 
the balls before it and against their Beatings. This 
closes the top side passage, and the pressure of the 
atmosphere is left unbalanced upon the undersides of 
the pistons, thus forcibly applying the brakes. The 
ball will remain against its seat until it is set free by 
the ejector again drawing out the air from behind it. 

When it is desired to release 
the brakes of a vehicle, in 
a siding for example, and 
uncoupled from the engine, 
this is done at once by puU- 
ing at the lever shown con- 
nected to the valve, or 
rather to the little cage 
which carries the ball. By 
pulling the lever the ball is 
drawn off its seat by the 
encircling cage, and air rush- 
ing in releases the brakes. 
^i&-3i- Fig. 30 is the guard's 

valve, by means of which he can apply the con- 
tinuous brake. Above the valve is a small vacuum 
chamber, in which is placed the guard's pressure 
or vacuum gauge. This chamber communicates with 
the train-pipe by means of the small hole through 
the valve-spindle. The opening at its base is made 
tight by a disc of india-rubber, which allows full 
movement of the parts without allowing air to pass. 

When the driver applies his brake he destroys the 
equilibrium between the pressure in the upper or 
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gauge chamber and that in the train-pipe, and In 
obedience to the difference the guard's valve rises and 
admits air to the pipe through the holes shown round 
the valve chamber. By this means is insured the 
quicker application of the brake all along the train. 

A drip-cup and valve is shown (Fig. 31), to collect 
ftny moisture which accumulates in the pipes. 

An enlarged view of the coupling between the 






Fig. 32. 

vehicles is shown (Fig. 82). To couple the hose-pipes, 
one must be taken in each hand and lifted sufficiently 
high to hook the bottom horns together, then by 
lowering the coupling, the top horns fit into the slots. 
This coupling is becoming generally adopted for all 
forms of vacuum brakes. To close the brake-pipe at 
each end of the train, the coupling is placed upon a 
stop-plug. 

Continuous Brakes upon Fast Goods Trains. 

Several serious accidents have occurred in various 
parts of the world, and also on English railways, in 



BRAKES ON FAST GOODS TRAINS. 129 

consequence of a passenger train running into the 
dibris of a slight collision which may have taken place 
between goods trains upon another set of rails. It 
therefore follows that the safety of passengers does to 
a very large extent depend upon the proper control of 
goods trains being placed in the hands of drivers. 

Upon many railways the fish, meat, and express 
goods trains are run at speeds equal to, or but very 
little less than, that of fast passenger trains. Many of 
these trains consist of thirty or thirty-five vehicles, 
and their average speed is fully thirty-five miles an 
hour, and upon certain portions of the road they attain 
fifty-five or sixty miles an hour. What are the means 
of controlling these heavy fast trains P Simply a 
tender hand-brake and one guard's van in the rear, 
and on some lines steam brakes fitted to the engines. 
It is easy to see, and engine-drivers themselves call 
attention to the fact, that this amount of brake power 
is not sufficient, and the drivers ask that these fast 
goods trains may be fitted with proper continuous 
brakes. 

In America the Westinghouse Automatic Brake has 
been largely adopted for goods trains of fifty vehicles ; 
the same arrangement has been tried on the Baden 
State Railways, in South Australia, and generally 
adopted for and being fitted to Belgian State goods 
trains. In this country just now the companies are 
engaged with the fitting of brakes to their passenger 
stock ; when that is complete the express goods trains 
should also be provided with proper means of control. 

The Continuous Brakes Return. 
The latest information relating to continuous brakes 
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is contained in the return for tho six months to 30th 
June, 1892. 

The good e£Eect of the Railway Regulation Act of 
1889 is therein made most clearly apparent, with tho 
result that companies have been compelled to remove tho 
dangerous "chain'' and ** simple vacuum" brakes, and to 
adopt automatic continuous brakes fulfilling the -condi- 
tions of the Board of Trade, issued as long ago as August, 
1877. Vast sums of money have been spent in fitting 
and afterwards removing various forms of non-efficient 
systems, but there is probably much ground for the 
assertion of some railway authorities that much of the 
delay in the settlement of the brake question has been 
due to the weak action of Parliament and the Board 
of Trade. The Board of Trade, in August, 1877, issued 
the instructions showing what a continuous brake 
should be, and Parliament constantly had the subject 
under discussion ; but it was not until the year 1889 
that the Railway Regulation Act was passed, and then 
only after the terrible accidents at Penistone, Hex- 
thorpe, and Armagh had caused the deaths of ninety- 
nine persons. 

The Railway Regulation Act came fully into force 
on the 20th November, 1892, and it is worthy of note 
that some of the companies deferred.putting its require- 
ments into operation until the very last day, and some 
others, even in spite of the Act of Parliament, are, in 
December, 1892, working trains with inefficient brakes. 
This matter will duly receive the attention of Parlia- 
ment if such inefficient brakes bo not speedily re- 
moved. 

Upon page 106 of this volume attention is directed 
to the regulations which have been made to overcome 
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the freezing of the Automatic Vacuum Brake in winter, 
however, the Board of Trade return lately issued shows 
that the defect has hy no means heen overcome, for 
during the early months of the year 1892 no less than 
forty-seven cases are recorded in which that brake was 
frozen or otherwise afEected by frost and moisture, and 
only so lately as December, 1892, the vacuum brake 
failed many times in consequence of being frozen. 

Numerous cases have occurred of trains fitted with 
various continuous brakes coming into collision with 
buffer-stops at terminal stations in consequence of 
drivers misjudging their distance, of the wheels skid- 
ding, or of the greasy state of the rails. 

The engine drivers themselves ask that the trains 
should be so booked that they have time to run into ter- 
minal stations by the application of the hand brakes 
only, having the continuous brake as a reserve in case 
of necessity. Several of the companies have objected 
to making such a rule as one or two minutes more time 
would be required. The author would strongly urge 
the companies to adopt the wishes of the drivers and 
Board of Trade inspectors, and cause all trains to be 
brought to rest at terminal stations by the application 
of the hand brake. 

Since this suggestion was made by the author in a 
letter to the Times, some of the companies have adopted 
it, and issued the necessary instructions. 



CHAPTER V. 

THE BREAKING OF LOCOMOTIVE DRIVING AXLES. 

Major Marindin, in his report upon the disaster 
which occurred at Bullhouse, near Penistone, on the 
Manchester, SheflBleld, and Lincohishire Railway, upon 
the 16th July, 1884, remarked that the accident should 
lead locomotive engineers to consider carefully the 
relative advantages of engines with inside cylinders 
and crank axles, as compared with engines with outside 
cylinders and straight axles; of steel axles as com- 
pared with iron axles ; and of cranks hooped with 
wrought-iron hands, as compared with cranks having 
the additional strength provided hy an increase of 
metal in the wehs of the crank itself. In pursuance 
of that recommendation, a return was prepared, show- 
ing the numher of driving axles in use, and the propor- 
tion thereof hroken when running, and taken out in 
the shops after the detection of flaws, in the United 
Kingdom, during the year 1883, the details of which 
appear in the summarised returns given on the follow- 
ing page, from which it will be seen that ** no less than 
one in every sixteen driving axles in use during the 
year 1883 were either broken or condemned,'' Such a 
fact as this is certainly a serious one for reflection. 
Tho advocate^ of the outside cylinder engines 
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ENGINE AXLES BROKEN OR DEFECTIVE, 1883. 



Description. 



Number in 
use. 



Broken in 
running. 



Iron. 



Crank axles without 

hooped webs . . . 2,867 
Crank axles with | 

hooped webs. . .4,121 
Straight axles, outside 

cylinders . . . . ! 438 
Total driving-wheel 

axles 



Total 



7,426 



Steel. 



4,733 



Iron. 



Per 

Cent. 

31 



1,222 ! 0-85 



1,467 
7,422 



50 
20 



Steel. 



Per 

Cent. 

0-9 
0-9 
0-5 
0-8 



14,848 



2 H 



Taken out in 
shops* 



Iron. 



Per 
Cent. 

60 

7-7 

2-7 

6-8 



Steel. 



Per 
Cent. 

3-8 

0-7 

0-8 

2-7 



9-5 



1 


Number in 
use. 


Broken in 

running 

with 

passenger 
trains. 


Broken in 
running 

mth goods 
trains. 


Taken out 
in shops 
flawed. 


Crank axles . . . 
Straight axles . . 


12,943 
1,905 


70 

10 


108 
19 


680 
24 


14,848 


80 


127 


704 



frequently claim that they avoid the danger of a crank 
axle ; but from the above figures it appears that out of 
1,905 straight-driving axles, 10 w^re broken when 
running with passenger trains, 19 when running with 
goods trains, and 24 were taken out in the workshops 
after detection of flaws; it will therefore be seen that 
5*5 per cent, of straight-driving axles broke when 
running. 

It is satisfactory to notice that a large proportion of 
defective driving axles (704) were discovered and 
taken out in the shops, and, doubtless, a more careful 
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and frequent examination will reduce the number 
" broken in running ; '' but stiU, growing flaws wiU 
exist, which no care or investigation can detect. It 
is often stated, and, indeed, is almost taken for granted, 
that a crank axle is, and must be, weaker than a 
straight axle; but there seems to be no proof that 
this is the case in practice, for when the various strains 
upon a crank axle are carefully calculated and worked 
out, they are found to fall far short of a force which 
would be sufficient to fracture a good sound axle. 

The question is constantly asked, " What is it that 
breaks a crank axle P '' and it is one which deserves 
very careful attention. As the weight resting on the 
axle, and the pressure of steam on the pistons, are 
certainly not enough to account for the fracture or 
failure, other reasons must be looked for, and other 
causes examined. When an engine is running at 
high speed, there is a greater or less amount of oscilla- 
tion ; this is kept in check by the flanges of the 
wheels, and great strain is put on the axles. Points 
and crossings are generally laid to gauge or even tight, 
and it frequently happens that the flanges of the 
wheels are thus pinched, and it will be at once seen 
that this action must exert an enormous force upon the 
axle by the tendency to bend it upward in the middle. 
This force is greatly increased with the size of the 
wheel, as the leverage or length of the spokes is 
greater. The author is of opinion that the strains 
which increase growing flaws, and ultimately end in 
fracture, are in a very great measure due to the force 
communicated to the axle by the wheels and flanges. 
He has, therefore, given this question of " side thrust " 
very careful attention, and advocates the plan of turn- 
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ing tlie driving-wlieel flanges thinner than the others, 
in order to avoid the pinching action and side shocks 
as far as possible. At the present time, great diflerence 
of opinion appears to exist with regard to the relative 
advantages of iron and steel crank axles. 

The following tabulated statement shows the number 
of axles in use in this country to December 31, 1883 : 





Iron 


Steel 


Outside 


Railway. 


crank 


crank 


cylinder 




axles. 


axles. 


engines. 


Fumess .••.•.•.. 


6 
37 


112 
380 


1 
198 


Great Eastern 


Great Northern ........ 


709 


19 


37 


Great Western 


1,362 


410 


38 


Lancashire and Yorkshire . . . 


673 


356 


8 


London and North Western . . . 




2,174 


137 


London and South Western . . . 


6 


170 


324 


London, Brighton, and South Coast 


90 


329 


1 


London, Chatham, and Dover 


34 


134 


— 


Manchester, Sheffield, & Lincolnshire 


215 


282 


12 


Metropolitan 






56 


Metropolitan District 




— 


42 


Midland •..• 


1,453 
1,383 


232 
66 


16 
13 


North Eastern 


Noith London ..••«.. 




37 


50 


North Staii'ordsh ire. • • • . . 


15 


99 


9 


South Eastern 


_- 


324 


1 


TaflF Vale 


132 
30 


7 
3 


3 

657 


Caledonian 


Glasgow and South Western . . 


13 


204 


13 


Great North of Scotland .... 


2 




63 


Highland 




3 


69 


North British 


681 


2 


29 


Great Northern of Ireland . . . 


77 


47 


5 


G. S. & W. of Irclrtn I .... 




172 


— 


Midland Great Western of Ireland 


22 


80 




Total of 68 minor lines .... 
Total, United Kingdom . 
Total crank axles . . . 
Total driving axles . • • 


250 


253 


133 


6,988 


6,955 


1,905 


12, 


943 


14,848 
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From this table it will be seen that the Great 
Northern, Great "Western, Midland, North Eastern, 
and North British Companies appeared to be in favour 
of iron cranks, the London and North Western being 
the most important supporter of steel. The advocates 
of steel axles frequently assert that the matter is simply- 
one of ** strength,'* and that as steel is stronger than 
iron, it must be better for use in axles ; but the author 
contends that very many other matters have to be 
considered besides the mere tensile strength of iron 
and steel. An axle may be too stiff and too strong, 
and this extra stiffness or rigidity causes extra strain 
and shock to be thrown upon it, which ultimately ends 
in its failure ; therefore it will be seen that an axle 
must have a certain amount of elasticity, and that it is 
not so much a question of what is sometimes called 
" strength " as of capability to resist strains. It is a 
well-known fact that some straight axles have been 
made too rigid, and they have broken in consequence, 
but such breakage has been almost entirely prevented 
by reducing their diameter at the middle, and giving 
them more elasticity ; in other words, paradoxical as 
it may sound, the axles have been strengthened by 
weakening them. It has been truly stated that more 
iron than steel axles fail every year ; but, on the other 
hand, the fact must be remembered that there is a 
far larger number of iron cranks in use, also that they 
run a much greater mileage than steel before they 
break. 

The following table, compiled from the Board of 
Trade Returns, shows the total number of driving 
axles which have broken when running during the past 
eleven years, together with the average mileage :— • 
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Tear 1881. 262 crank or driying axles failed. 
177 were made of iron. 
85 ,) y, steel. 
Average mileage of 167 iron axles = 197,574 miles. 
,, fy 80 steel axles = 181,842 „ 

Tear 1882. 242 cases. 
156 were made of iron. 
83 ,, ,, steel. 
Average mileage of 150 iron axles = 206,857 miles. 
yy ,, 83 steel axles = 192,453 „ 

Year 1883. 247 cases. 
173 were made of iron. 
• 4 ,, ,, ST/eei. 
Average mileage of 171 iron axles = 213,719 miles. 
,, „ 72 steel axles = 199,471 $$ 

Year 1884. 200 cases. 
138 were made of iron. 

62 ,, ,, steel. 

Average mileage of 135 iron axles = 216,333 miles. 
,, „ 59 steel axles rz: 173,287 ,i 

Year 1885. 190 cases. 
127 were made of iron. 

63 )f ,y steel. 

Average mileage of 125 iron axles =: 226,037 miles. 
„ „ 63 steel axles = 219,644 ,, 

Year 1886. 184 cases. 
123 were made of iron. 
01 ,, ,, steel. 
Avtn ge mileage of 117 iron axles = 236,517 miles. 
„ „ 61 steel axles = 212,362 ,, 

Year 1887. 145 cases. 

82 were made of iron. 

63 ,, ,y steel. 
Average mileage of 80 iron axles ^ 216,412 miles, 
„ „ 61 steel axles = 235,649 ,, 
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Year 1888. 148 cases. 

72 were made of iron. 

76 ,, ,, steel. 
Average mileage of 70 iron axles = 204,309 n-.ilcs, 
„ „ 71 steel axles = 234,009 „ 

Year 1839. 112 eases. 

48 were made of iron. 

63 ,, ,, steel. 
Average mileage of 47 iron axlos = 224,393 miles. 
,, „ 53 steel axles = 230,015 „ 

Year 1890. 96 cases. 

37 were made of iron. 

59 „ ,, steel. 
Average mileage of 34 iron axles = 198,047 milc3. 
„ yy 51 steel axles z= 218,394 „ 

Year 1891. 130 cases. 

37 were made of iron. 

92 ,, ,, steel. 
Average mileage of 34 iron axles = 237,150 miles. 
„ „ 86 steel axles = 230,403 „ 

It Will be noticed that for several years the iron 
axles ran the greater mileage, but recently steel appears 
to have a slight advantage. 

A very interesting tabulated statement has been 
published by Messrs, Vickers, Sons, and Co., giving 
details and mileage of all the steel crank axles of their 
manufacture, the highest mileage attained being shown 
in the following table : — 
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Name or 

nnmberof 

engine. 



"Munster" 

17 

251 

1,003 

36 

162 

Old 10. R.2. 

204 

5 

7 

23 

266 

14 

66 



Bailway company. 



Great Northern of Ireland (N. Division) 

South Eastern 

London, Chatham, and Dover 
Great Southern and Western of Ireland 
Glasgow and South-Western 
I^Ianchester, Sheffield, and Lincolnshire 

North Ijondon 

Maryport and Carlisle .... 
London, Brighton, and South Coast . 

Great Eastern 

Waterford and Limerick 
Belfast and Northern Counties . 

Midland 

Great Northern of Ireland (S. Division) 
♦Taff Vale 



Mileagre. 



647,965 
621,246 
479,515 
477,388 
420,617 
415,097 
412,636 
396,763 
391,116 
376,186 
360,959 
348,213 
326,102 
319,115 
252,938 



The above figures are useful, showing as they do 
what steel crank axles can attain, but at present it is 
to be regretted that there does not appear to be any 
similar comparative table in existence giving the 
performance of iron axles. 

Through the courtesy of several companies and 
officials, the author has lately been supplied with a 
very considerable amount of valuable information, 
which, now carefully tabulated, adds to the data upon 
this important subject. So far as these inquiries have 
at present extended, they appear to point to a conclu- 
sion, that if a steel crank axle is defective or flawed 
when new, tLe failure takes place at an early period in 
its life, and that if it runs for 150,000 or 200,000 
miles, there is a great probability that it may after- 
wards run a very great distance, 

* With the exception of the Taff Vale axle, aU the others were at 
work "when the details were compiled. 
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It Will be understood that this opinion is not men- 
tioned in a spirit of assertiveness, but is simply 
recorded in order that the circumstances may be con- 
sidered and further investigated by any person who 
may be devoting attention to this branch of locomotive 
engineering. If the above conclusion proves to be 
founded on sound data, it will be important, as in 
such case we shall pi*obably have to wait until some of 
the cranks which have run an unusual mileage ulti- 
mately break, which may be a period of several 
years. 

From the table (page 133) it will be seen that con- 
siderable difference of opinion appears to exist with 
regard to the value of hooping the webs of the cranks, 
there being 5,343 with such hoops, and 7,600 without. 
The author, having obtained all available details from 
the various companies, had some experiments made, and 
also witnessed others, the result being that it appeared 
that when a crank web breaks nearly or quite straight 
across, the hoops are of the greatest use in holding 
the crank together; but, on the other hand, when the 
fracture occurs in a slanting direction, the hoop is not 
only rendered of no value, but it even tends by its 
tightness to force the broken parts out of the required 
position. The hooping of a crank practically lengthens 
it about 2 inches, and there are very many engines 
running in which hoops cannot be employed in conse- 
quence of there being no available space between the 
crank and the under side of the boiler. 

To overcome the above-mentioned difficulties, the 
author designed and applied for a patent for an im- 
proved method of strengthening the webs or throws of 
cranks. Pig. 33. The crank having been manufactured 
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in the usual manner, the improvement consists in 
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Fig. 83.— Stretton'B Patent Crank. 

drilling two holes of about 2 inches diameter through 
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the length of the webs, a a. A bolt, pin, or screw, 
B, is then passed through the said holes. 

Each bolt should be made of steel, having a tensile 
strength of not less than 40 tons per square inch, and 
can be either screwed into the web or made a driving 
fit and forced in by any desired hydmulic pressure, 
and afterwards secured by a nut and split-pin. 

c c shows the position of a slanting fracture, and 
the manner in which the bolts would strengthen the 
crank when working, and in case of breakage, they 
would hold the web in place in such a maimer that 
the wheels of a locomotive engine would be prevented 
from leaving the rails, and thus give time for the 
engine-driver to bring his train to rest and prevent a 
disaster. 

The patent is dated 7th September, 1885, No. 
10,556; it has become the sole property of Messrs. 
Vickers, Sons, and Co., Sheffield, by whom it is being 
introduced and manufactured. 

The annexed diagram. Fig. 34, illustrates the crank- 
axle of the Manchester, Sheffield, and Lincolnshire 
Company's engine. No. 434, which broke when running 
at a speed of about 50 miles an hour, and caused the 
Penistone disaster, by which twenty-four persons were 
killed and sixty-four injured. The position of the 
fracture is clearly shown across the outside web of the 
right-hand crank. 

This axle was made by Messrs. Taylor, of Leeds, 
and was forged in the usual manner out of an ingot of 
cast steel, the slot pieces being knocked out after it 
was annealed. 

The webs were 14^ inches in width, but without 
hoops, the outer webs being a quarter of an inch 
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thinner than the inner ones. It is difficult to account 
for the fracture of the crank at that particular time, 
for, although there was a growing flaw in the web, the 
author measured it, and it did not exceed 4^ inches in 
length and 2 inches in depth at the deepest part, and 
it is probable that the flaw did not extend to the 
surface till the fracture occurred. 

According to the tests of pieces cut from this crank 
after the accident, the metal was a mild, soft steel of 
good quality, with a tensile strength of 27 tons per 
square inch. 

Elongation 29 per cent. 
Contraction 40 per cent. 

The analysis showed the following results : — 

Carbon -230 

Manganese *482 

SiUcon -063 

Sulphur -027 

Phosphorus '066 

Iron (by difference) 99-133 

100-000 

The engine had cylinders ITinches diameter, 26inche8 
stroke, with driving-wheels 6 feet 3 inches diameter, 
having 16 tons 14 cwts. resting upon them. The crank 
was well designed, and contained ample material to 
give the required strength; however, we know that 
it broke with disastrous results after running only 
50,776 miles. 

It may be here mentioned that several railway com- 
panies specify that one out of fifty axles shall be tested, 
and stand five blows from a weight of 2,000 lbs. falling 
from a height of 20 feet, upon the axle, upon supports 
3 feet 6 inches apart, the axle being reversed after each 
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blow. Straight axles for engines should be able to 
stand being bent double when cold^ without signs of 
fracture. On some lines it is expected that crank axles 
should run 200^000 miles^ and if they fail at a less 
mileage^ the manufacturer is required to replace them. 

The author does not advocate the adoption of either 
iron or steel for cranks, his object being to fully and 
impartiaUy continue his inquiries with a view to draw- 
ing out practical data and conclusions upon this subject, 
which it is known and admitted is not yet so well un- 
derstood as it should be, and requires careful study. At 
present perhaps the most important information neces- 
sary is full details of every axle which fails, specially 
stating the exact point atvrhich the fracture occurs ; it 
is to be hoped that these data will in future form part 
of the Board of Trade Beturns. 

Beference should here be made to the practice of 
continuing the use of a crank axle after it is suspected, 
or has even shown a slight flaw. At the Penistone 
inquiry it was given in evidence that if a flaw was 
detected the crank and pair of wheels were scotched 
and fixed to the rails in the shop, and another pair of 
wheels run against the pair to be tested, and if they 
stood that test they were considered all right. The 
author has known many suspected cranks break when 
working fast trains, and at the present moment he 
knows of several " doubtful " ones which may be the 
cause of a disaster any minute. Major Marindin, in 
his report, stated, '* It is manifest that the more fre- 
quently cranks are examined thoroughly, the greater 
probability there will be that growing flaws will be 
detected ; he therefore recommended that the big ends 
should be taken down at the weekly examinations^ 




Fig. 3a.— CntnV A.x\f, l^rbert Acrident. 



GENERAL HUTCHINSON'S OPINION. 147 

instead of only monthly, as at present ; and as regards 
the Manchester, Sheffield, and Lincolnshire Railway 
Company, in particular, he observed that there must be 
considerable and unjustifiable risk in running a sus- 
pected axle imder observation, when an apparent flaw 
has not been extended by the test to which it has been 
subjected, which, according to the evidence of the super- 
intendent of the works at Gorton, was the practice upon 
that line." (July, 1884.) 

On the 24th of August an accident was caused at 
Larbert Junction on the Caledonian and North British 
Railways by the breaking of the inside web of the right- 
hand crank of a Caledonian Company's tank engine, 
No. 541 (Fig. 35), when working the 10.15 p.m. passenger 
train from Larbert to Grangemouth, the speed being 
about 15 miles an hour. The engine had six wheels, the 
leading and driving being coupled ; a single frame 
and single bearings ; the stroke was short, being only 
20 inches. 

The crank axle was of steel, made by the Bolton Iron 
and Steel Company, and its dimensions will be found 
upon the diagram. It had been working since Novem- 
ber, 1870, and had run a total distance of 210,581 miles. 
It was not hooped. General Hutchinson in his report 
stated, " It is a grave question whether it is wise to 
continue to run crank axles after their mileage has 
reached a certain amount (to be fixed after careful con- 
sideration), especially in the case of steel axles, which 
often give such little warning- before fracture/' 

The following table, compiled from the Board of 
Trade Returns, shows the total number of axles of all 
descriptions which have broken when running during 
the past fourteen years : — 
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Engine axles. 


Tender 
axles. 


Carriage 
axles. 


Waggon 
axles. 


Salt van 
axles. 




Year. 


Crnnk or 


Leading or 


Total. 




driving. 


training. 












1878 


266 


21 


19 


3 


221 


10 


540 


1879 


248 


24 


23 


3 


190 


8 


496 


18S0 


251 


27 


25 


1 


192 


18 


514 


1881 


262 


21 


37 


3 


200 


17 


540 


1882 


242 


22 


32 


2 


140 


13 


451 


1883 


247 


28 


21 


2 


141 


11 


450 


1884 


200 


23 


24 


6 


113 


19 


385 


1885 


190 


81 


17 


4 


130 


5 


377 


1886 


184 


26 


21 


3 


89 


6 


329 


1887 


145 


16 


20 


3 


94 


3 


281 


1888 


148 


16 


18 


2 


103 


1 


288 


1889 


li2 


23 


12 


3 


86 


3 


239 


1890 


96 


12 


11 


4 


61 


3 


187 


1891 


loO 


12 


16 


— 


71 


1 


230 


1892 
















¥893 
















1894 

















It is sincerely to be hoped that Major Marindin's 
suggestion as to the careful consideration of this sub- 
ject will continue to receive every attention ; and that, 
as a practical result, a more perfect crank axle will be 
employed, which, together with the universal adoption 
of a quickly-acting automatic continuous brake, will 
render the recurrence of such a terrible disaster as that 
which happened at Penistone impossible. 

It is satisfactory to observe that, although the amount 
of rolling stock is largely increased, the numbers of 
axles broken when runnings is gradually being redact. 



CHAPTER VI. 

IMPROVED COUPLINGS FOR RAILWAY WAGGONa 

One of the most important matters discussed at the 
Annual Congress of the Amalgamated Society of Rail- 
way Servants, October, 1885, was the great necessity for 
some improved form of couplings upon goods and 
mineral waggons, in order to avoid the guards and 
shunters having to go between the vehicles to couple 
or uncouple them. During the year 1884, 130 men 
were killed and 1,305 injured whilst engaged in shunt- 
ing operations, and during the last nine years 1,122 
have been killed and 11,314 injured under similar cir- 
cumstances. The railway companies have for years 
been asked to take steps to prevent this serious loss of 
life, but unfortunately nothing was done to test the 
various appliances. The Servants' Society, however, at 
the Congress voted the sum of £500 to carry out 
the required practical trials. The experiments took 
place at the Nine Elms goods yard of the London and 
South-Western Railway, and, as the author was one of 
the judges upon Ihut occasion^ a copy of the report is 
appended :— ^ 



REPORT AND AWARDS 

OP TJIB 

JUROES OF THE COUPLING TEIALS, 

Held at the Nine Elms Goods Yard of the London and South- 

Western Jiailway, 

On ]\IAKCH 29th, 30th, and 31st, 188G. 



To the President and Members of the Amalganiated Society, 

Gentlemen, 

It will be remembered that at the annual general 
meeting of the Society, held at Leicester in October, 
1885, a report was received from a committee appointed 
to examine the railway safety appliances at the Inven- 
tions Exhibition. In that report the committee stated 
that " no reliable report as to the eflBciency of any 
system of coupling or uncoupling could be based upon 
the results of experiments with models alone. Nothing 
short of a trial with the full-sized and actual working 
appliances could be relied on, and they considered it of 
the utmost importance that a test of this kind shoidd 
be arranged." Acting on this suggestion, the annual 
general meeting decided to set aside £500 for the 
purpose of oflForing prizes to inventors and to meet the 
necessary expenses, and instructed the executive com- 
mittee to make what arrangements were possible for 
practically testing full-sized improved couplings. Such 
is a brief outline of the coupling question as it existed 
at the time of your last annual general meeting. 
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We now beg to report that, in pursuance of tlie fore- 
going instructions, we have instituted, carried out, and 
brought such trials to a highly satisfactory conclusion. 
In order to arrive at such a result, it was necessary in 
the first place to obtain the use of sidings, waggons, 
and an engine ; and as soon as our requirements were 
made known through the press, Mr. Charles Scotter, 
general manager of the London and South- Western 
Railway, courteously invited two of the Society's 
officers to meet him at the Waterloo Bridge Station, 
so that he might know the extent of our requirements. 
Accordingly, on the 8th of January, an interview took 
place between Mr. 0. Scotter, general manager, and 
Mr. J. T. .Haddow, goods manager of the London and 
South- Western Railway, and Mr. Clement E. Stretton, 
C.E., vice-president and consulting engineer, and Mr. E. 
Harford, general secretary, to behalf of your society; 
when Mr. Seotter at once offered every facility that 
could be desired, and expressed a hope that the trials 
might result in practical, benefit. It was also arranged 
that the trials should take place at the "Nine Elms 
goods yard, as by its proximity to London, and its 
extensive siding accommodation, it presented a most 
suitable area for conducting such experiments. 

On the 13th of January, 1886, a circular was issued 
to inventors by the general secretary, requesting those 
desirous of competing to forward drawings, specifica- 
tions, or models of couplings they desired to have tested, 
to the head offices of the Sociely before January 30th. 
In response to that circular upwards of three hundred 
inventions were submitted for inspection, very many of 
which were crude and clearly unpractical, but, after 
careful examination by a sub- committee appointed for 
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that purpose, it reported that thirty-four of the 
appliances appeared to possess merit, and deserved to 
be entered for trial. 

At the meeting of the executive committee in 
February, 1885, it was resolved that the jury to decide 
the relative merits of the couplings selected for trial 
should consist of thirteen members of that committee 
(who were at liberty to send substitutes in the event of 
not attending themselves) and three independent ex- 
perts, viz., Mr. Clement E. Stretton, O.E., Mr. Lawrence 
Saunders, and Mr. Joseph Stevenson. This jury, as 
constituted, consisted of nine goods guards, two engine- 
drivers, one fireman, a signalman (who had previously 
been a shunter), and the experts just mentioned. It 
was further decided to offer three prizes for automatic 
and three for non-automatic couplings, of £100, £50, 
and £25 respectively, and to issue the following condi- 
tions, in order that inventors might understand the 
objects to be attained. 



^ Non-automatic CotiWiIng. 

1. The operations of coupling and uncoupling must 
be performed quickly and with ease on either side of 
the waggon. 

2. The apparatus should be equally efficient for 
coupling or uncoupling with a waggon fitted with 
ordinary hook and links. 

3. Accidental uncoupling must be impossible. 

4. If the apparatus should be out of order it must 
be possible to couple or uncouple the waggons as at 
present. 
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5. There must not be any projection at the sides or 
otherwise, with which the men might be accidentally 
struck. 

6. The present drawbar hook should not be disturbed. 

7. The parts must be capable of rough usage, and 
not liable to get out of order. 

Automatic Coupling. 

1. It must be possible to couple two or more waggons 
instantaneously on coming in contact with each other, 
and without the assistance of the shunters. 

2. It must not be possible for waggons to couple on 
coming in contact with each other unless required to 
do so. 

3. It must not be possible to uncouple accidentally. 

4. The operation of uncoupling must be performed 
with quickness and ease on either side of the waggon. 

5. It must be possible to couple easily with a waggon 
fitted with the ordinary drawbar hook and links. 

6. It must couple or uncouple, if required, on curves. 

7. The links or shackles must be flexible, and admit 
of waggons running together without the possibility of 
uncoupling. 

8. The flexibility of the present links must be pro- 
vided for to prevent accidents or injury to the apparatus 
or otherwise from rigid projections or parts. 

9. There must not be any projections whatever, liable 
to cause accident or injury to shunters. 

10. The apparatus as a whole must be strong, durable, 
and reliable. 

11. The operation of putting the apparatus in posi- 
tion to couple, ais also the operation of uncoupling, must 
be possible with one hand. 
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The Mlowing inventors submitted their couplings 
for trial : — Messrs. Younghusband and Hudson, of 
Darlington ; Messrs. Wass and Wheeler, of Oldbury ; 
Mr. W. Hill, of Stoke-on-Trent; Mr. R. Lansdale, 
of Halewood, near Liverpool; Mr. S. Pettit, of 
Kingston-on-Thames ; Mr. 0. Wroot, of Hitchin ; 
Messrs. Morris and Wood, of Doncaster ; Messrs. 
W. Cook and Sons, Glasgow and Sheffield; Mr. J. 
Royston, of Accrington ; Messrs. Latham Brothers, of 
Sheffield ; Mr. J. Davies, of Salford ; Mr. J. T. Roe, of 
Balham ; Mr. G. Turner, of Ashton-under-Lyne ; 
Messrs. Beddall and Small, of Openshaw ; Mr. J. H. 
Betteley, of London ; Mr. W. H. Moon, of Swindon ; 
Messrs. Attock and Morris, and Attock and Mosley (2), 
of Newton Heath ; Mr. Ot, Fen wick, of Gateshead ; 
Mr. T. Williams, of Stockton-on-Tees ; Messrs. Mitchell 
Brothers, of Keighley ; Mr. J. W. Hancock, of Leices- 
ter ; Mr. 0. B. Phillips, of Chester ; Messrs. Ibbotson 
Brothers, of Sheffield ; Messrs. Richardson and Green- 
wood, of Harrogate ; Mr. W. Boucher, of Bullo Pill ; 
The Hannay-Cowan Coupling Co., of Glasgow ; Dar- 
ling's Patent Automatic Coupling Co., of Glasgow ; 
Mr. E. Heinke, of Fpper Teddington ; Mr. F. W. 
Trewhitt, of Barrow-in-Furness ; Messrs. Holt and 
Whittaker, of Newlay, near Leeds ; Mr. H. Stephens, 
of Beighton, near Sheffield ; Messrs. Golightly and Son, 
of Guide Bridge ; and the Compagnie des Appareils 
Automatiques, of Paris. 

Of these inventions seven belonged to the automatic 
class, and twenty-seven to the non-automatic class. 
The automatic couplings, as their name implies, couple 
themselves when the waggons come in contact, and are 
put out of action when not required to couple. The 
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non-automatic couplings consist of various forms of 
links or chains, which are placed upon the drawbar 
hook of the next vehicle by means of various kinds of 
apparatus designed by the inventors for this purpose. 

The methods adopted for testing the capabilities of 
the various couplings were of a decidedly practical 
character, and such as suggested themselves from our 
experience of every-day working of goods and mineral 
traflBc on railways, which enabled us to form what we 
consider an accurate judgment of the merits and defects 
of each. 

The result of the tests applied on the two first days 
was the selection of thirteen of the best inventions, for 
final test or consideration. Several of these possessed 
considerable merit, consequently the most close exami- 
nation of minute points was made in order to determine 
their relative value, and it is worthy of notice, as a 
fact that adds greatly to the interest and value of these 
trials, that the voting in favour of these inventions, to 
which we have awarded the six prizes, was almost 
unanimous. 

The following are our awards : — 

NOK-AXJTOMATIC COUPLINGS. 

1st prize of £100 — Messrs. Younghusband & Hudson, of Darlington. 
2nd „ £50— Mr. W. Hill, of Stoke-on-Trent. 
3rd „ £25— Messrs. William Cook and Sons, Glasgow and 

Sheffield. 

AUTOMATIC COUPLINGS. 

let prize of £100 — Darling's Patent Automatic Coupling Co., 

Glasgow. 
2nd „ £50— Messrs. Latham Brothers, of Sheffield. 
3rd „ £25 — Comfagnie des Appareils Automatiques, of Paris. 

With regard to the unsuccessful competitors, it is 
only fair to observe that some of their inventions had 
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points of merit that carry with them their own recom- 
mendation, while the points in which they failed might 
possibly be remedied, so that we take this opportunity 
of pointing out the defects observable in some of them 
which would be prejudicial to their adoption :— 

Ist. Rigid projections at the ends of the waggons, 
rendering them liable to injury by fouling otherwaggons. 
Also risk of injury to persons operating, through levers 
being awkwardly placed at the side of the waggons. 

2nd. The position of the apparatus being so high as 
to interfere with sheeting, and not being adapted to 
low-sided waggons, 

*}rd. Not being adapted to couple when the drawbar 
hooks are in close proximity to each other nor suited 
to the varied length of buflTers. 

4th. Apparatus not adapted to fit coupling chains at 
present in use, in some cases alteration of a hook being 
also required. 

0th. Lovers so placed as to prevent sh\mters seeing 
the coupling when operating it. 

Gth. Failure to couple with certainty when applied. 

7th. The apparatus being too heavy to work easily, 
some exceedingly so. 

8th. Requiring practice or " knack " before they can 
be handled efficiently. 

9th. Danger of damaging apparatus when placed in 
coupling position on waggons with spring buffers cOming 
sharply together. 

In conclusion, we beg to congratulate the Society 
upon the highly satisfactory termination to which the 
coupling trials have been brought, and the large amount 
of public interest they called forth. Never since the 
great brake trials at Newark in 1875 has such a 
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concourse of directors, officials, inventors, engineers, 
and railway servants been collected together to witness 
the carrying out of a trial of safety appliances, and it 
is certainly the first occasion upon which any railway 
company has ever placed a portion of its lines, rolling 
stock, engine and servants, for the time, entirely 
under the control of any Society, or person, and we 
hereby express our high appreciation of the courtesy 
shown to us, and the ample facilities afforded by the 
directors and general manager of the London and 
South- Western Railway. Finally,* we are of opinion 
that the appliances to which upon their merits we have 
awarded prizes are good, practical, and inexpensive^ coup- 
lings, which appear to fulfil all that can he required in 
daily working, l[: and we have no hesitation in stating 
that their adoption would for ever terminate that fear- 
ful slaughter which annually results from goods guards 
and shunters having to pass between the waggons to 
couple and uncouple them, and which is so much 
deplored by the members of this Society, and the 
railway service generally. 

We have the honour to be, gentlemen. 

Your obedient servants, 

Clement E. Stretton, J. Buckley, 

Lawrence Saunders, Bernard C. Starkey, 

J. Stephenson, Henry C. Mady, 

Johnson Flintham, H. Davies, 

James Jenkins, T. Bevan, 

* J. Stephenson dissents from the first clause, commencing at the 

word«*finaUy.'*. 
t J. Fasten objects to the words, "practical and inexpensive." 
% W. Elliss objects to the words, *' which appear to fulfl all that 

eau be required in daily working." 



158 safe railway working. 

Charles Wright, W. Elliss, 

Ed. Garrity, "William Foreman, 

Fred. Willis, J. Easton, 

Edwd. Harford, General Secretary, 

Ilead Offices, Amalgamated Society of 
Railway Servants, 
306, City Road, London, E.G. 
May nth, 1886. 



DESCRIPTIONS OF THE SIX PRIZE 

COUPLINGS. 

The Coupling of Messrs. Younghusband and 

Hudson, Darlington. 

1st prize, non-automatic, £100 (Fig. 36). 

This coupling and uncoupling appliance is a very 
simple contrivance, and is especially designed to take 
hold of and utilise the existing links and hooks on rail- 
way waggons without any alteration to the same. By 
a simple combination of swivel joint and lever, every 
possible kind of movement can be given to the links 
by taking hold of the outside lever, which projects no 
farther than the outside of the buffer beam of the 
waggon, and from the great power a man has 'witb the 
lever, it is well adapted to couple and uncouple stiff 
couplings. An idea of the facility of the arrange- 
ment will be gained from the fact that the time occu- 
pied to couple and uncouple a waggon is only two 
seconds. The weight of the coupling is 36 lbs. for 
each end of the waggon, and can be supplied at a cost 
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of lOs. for cacli end of waggon. This apparatus can 
be made equally applicable to screw couplings as well 
as to cliain couplmga. 




The Coupuno op W. Hill, Stokb-on-Trent. 
2nd prize, non-automatie, £50 (Fig. 37). 
To couple waggons lift tlie handle, which lifts the 
end link vertically to the height required for hooking 
on the other truck ; on raising the handle 8 littlo 
higher, tho end link travels laterally to the full length 
of chain ; loose the handle, and end link drops over 
hook of the other waggon, and the work of coupling is 
complete. This arrangement is adapted for coupling 
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either full length of chain or as short as possible. To 
aacouple, raise the handle until the end link is high 
enough to miss point of hook, then loose the handle 
and the balance weight completes the work. Ketains 




Kg. 87— Wflliam HiU, Stoke-on-IVent (3nd prwe, 



the present drawbar and hook, and will couple with 
any present rolling-stook and stand rough usage. 

The Coupling of W. Cook, Jcn., Glasgow. 

Srdprite, non-automatic, £25 (Fig. 38). 

The operations of coupling and unoonpling oan he 

performed quickly and with ease on either side of the 

waggon. The apparatus is fitted to the ordinary hook 
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and links. Accidental uncoupling must be impossible. 
If the apparatus should be out of order, it is possible to 
couple or uncouple the vaggons as at present. There 
is not any projection at the sides with which the men 
might be accidentally struck. The present drawbar 
hook is not disturbed. The parts are capable of rough 




Fi^. S3.— Ur, W. Cook, Jmi., GlaB^cnr (Srd prize, non-automatic). 
usage, and not liable to get out of order. Will couple 
and uncouple with stone or coal waggons fitted with 
end doors for shipment. Will couple and uncouple 
with pig-iron and timber waggons, with no ends above 
trains. Will allow the tarpaulin to be fastened round 
buffers and ends of waggons without interfering with 
coupling apparatus. Will couple and tmcouple on the 
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sharpest curves and with twisted drawbar hooks. Will 
couple and uncouple though the buffers be driven home 
and the drawbar hooks be only 2 inches apart. The 
inventor claims that it will couple and uncouple in the 
dark as well as in daylight. The apparatus will fit 
chains with or without shackles, and will couple with 
stiff shackles ; also suits any length of chain or long 
or short links. The apparatus remains intact though 
the coupling chain should break. 

Darling's Automatic Eailway Coupling, Glasgow. 

1st prize, automatic, £100 (Fig. 39). 

The coupling is simple in construction, and combines 
with its simplicity all the requirements of an automatic 
coupling. One sees little that makes it different from 
an ordinary link coupling, while the link hanging 
loose on the opposing end proves that while flexibility 
is combined with necessary rigidity no new element of 
danger from projecting and absolutely rigid parts is 
introduced. The hook (which is practically the present 
drawbar hook modified to suit the needs of automatic 
action) is capable of assuming three or more different 
positions, and by a very simple arrangement automati- 
cally locks itself while in any of these positions. The 
coupling is by this means made to be perfectly reliable 
in the performance of the requirements of each position. 
In one position the links are horizontal, and the for- 
ward link sliding up the tail-piece of the opposing hook 
strikes a hood on the drawbar, and falls into the hook 
as if laid in by hand. The coupling has thus taken 
place automatically. This action of coupling has also 
relieved the back link from the support which renders 
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both IidIes sufficiently rigid for coupling purposes. 
When it is desired to raise the links rigidly, the hook 
is yet further turned, when they are caught and held 
rigidly till put in the position for coupling ; they are 
then coupled and rendered again flexible, as before 
described. According to the projection or recession of 




Pig. SS,— Datling'i Coupling Co., Glwgow (1st prize, automatic), 
the links, lesa or more tension can be had as desired, 
and the inside of the hook, being a radius of the centre 
on which it is turned, makes the uncoupling with ease 
a thing of course, and, in addition, has the advantage, 
when mixed with present stock, and the ordinary chain 
coupled on the hook o£ this coupling, the yehicles so 
coupled can be uncoupled from the outside ; this in a 
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train of ten vehicles^ five of which are fitted as at 
present, and five with this coupling, the whole can be 
uncoupled from the outside. The whole coupling 
has been called a muUum in parvo and the advantages 
may be summarised as follow: — It couples two or 
more carriages instantaneously, as far as the buffers 
are compressed, by the ordinary means of running the 
carriages together ; it uncouples instantaneously ; it 
can be uncoupled when the train is in motion, or when 
the coupling is in tension, if desired; it can be un- 
coupled, or put in position for coupling, from either 
side or end of carriage, or from inside or outside of 
van ; it is locked in position when coupled, and locked 
out of position when uncoupled ; the driver can in- 
stantly uncouple his train or load ; it is said to effect a 
great saving in time, and insures perfect immunity 
from danger during shunting operations, on account of 
coupling and uncoupling being performed without the 
necessity of any person going between the vehicles. It 
is believed that its cost will exceed but little the in-* 
e£Scient and dangerous coupling at present used ; un- 
coupling and putting in position for coupling are of 
course done from either side or end of waggon or 
vehicle, and can be easily done with one hand. 

The Coupling of Latham Brothers, Sheffield. 

2nd prize, automatic, £50 (Fig. 40). 

When two carriages, fitted with this coupling, are 
forced together, the higher link rides up the other,, 
and a slight pressure on the buffers allows the link to 
drop automatically over the hook. The buffer springs 
then reassert themselves^ thus making a perfect self- 
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ooupUag for carnagea, witli all the necossary tiglitea- 
ing, &c., and entirely dispsosing with manual assis- 
tance. For trucks the coupling is the same as for 
oarriages (minus tightening apparatus), but longer in 
the link, to allow plenty of play when coupled, for 
curves, &o. For uncoupling, a pin passing through 




Fig. 40. — UeBffce. Latham BrotiierB, StieCBelil (2nd prize, automatio). 

the drawbar and loose hook is easily withdrawn by 
raising the lever to which it is attached, allowing the 
hook to revolve on the shackle-pin, thus freeing the 
link. The instant the link is free, everything falls 
automatically into its place, ready for coupling again. 
As will be seen, this supplies a long-felt want, vis, s 
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perfect slip hook, invaluable for ahunting of every de- 
soriptioQ, as it caa be uncoupled in any position. For 

fly shunting, where vehicles are required to be together 
without being couplod, the automatic Knk can ba 
thrown back, or by hooking the aide lever up, which 
withdraws the lock-pin. 




The CotiPLiNG op thb Comfaoxie dbs Apfarkiis 

Adtomatiques, Paws (Fig. 41), 

3rd prise, automatie, £25. 

It is said this automatic coupling is not the first idea 

of an inventor, but the result of five years' continua] 
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study and experiment. The inventor claims tlis 
coupling fulfils the following conditions : — It is possible 
to couple two or more waggons instantaneously on 
coming in contact with each other, and without the 
assistance of the shunters. It is not possible for wag- 
gons to couple on coming in contact with each other 
unless required to do so. It is not possible to un- 
couple accidentally. The operation of uncoupling is 
performed with quickness and ease on either side of 
the waggon. It is possible to couple easily with a 
waggon fitted with the ordinary drawbar, hook, and 
links. It couples or uncouples, if required, on curves. 
The links or shackles are flexible, and admit of wag- 
gons running together without the possibility of 
uncoupling. The flexibility of the present link is 
provided for, to prevent accidents or injury to the 
apparatus, or otherwise from rigid projections or parts. 
There are no projections whatever liable to cause 
accident or injury to shunters." 

Several of the railway companies have provided 
" coupling-sticks " for the use of guards and shunters, 
but so far the result does not show any saving of life. 
On the other hand, the loss of life during shunting 
operations continues to be as great as ever, and even 
increases. 



CHAPTER VIL 

RAILWAY SERVANTS AND THE LAW. 

The safe or dangerous way in which a railway is 
worked not only affects the lives and limbs of the 
railway servants, but it has another very serious 
aspect — namely, the law of manslaughter, and the 
very uncertain manner in which that law is adminis- 
tered. 

Accidents constantly occur through the defective 
system of working adopted by the companies; but, 
unfortunately, whatever the system, when an accident 
causes the death of a person, the railway servants are 
liable to a charge of manslaughter ; and the most 
important work which the Amalgamated Society per- 
forms is the legal defence of its members against the 
improper or unjust administration of the law in such 
cases. 

There can be no question that the duties which 
railway servants have to perform are of such a nature 
that a momentary error may cause a serious accident, 
and it cannot therefore be too strongly urged upon 
them to take every care to provide for the safety of the 
traffic so far as lies in their power. 

For many years it was quite usual to commit 
railway servants to prison unjustly, and it must be a 
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source of the greatest regret to every honest person to 
know that in yery many instances the unfortunate 
men actually served long terms of imprisonment simply 
because juries did not understand the practical working 
of railways ; they appeared to consider that as some 
person had been killed by an accident that it was part 
of their duty to see that some railway servant was 
blamed, or punished for manslaughter. This was a 
very easy and quick way of concluding an inquest or 
trial, but it was neither according to law nor justice, 
and certainly must not be permitted in the present 
day. 

In Scotland, sherifEs and other authorities appear 
still to be of the old opinion that the best way to 
prevent railway accidents is to punish the servants; 
but it is perfectly well known that the only true 
policy for the prevention of what are called "acci- 
dents '' is to adopt a proper system of working and 
the use of efficient brakes and other appliances to 
insure safety. 

It has always been the custom whenever an accident 
happens for the companies to at once try to place ail 
the blame upon some servant, in order that he may be 
punished, and that the responsible officers who aro 
really to blame for neglecting to provide proper 
appliances may escape scot free. This very unjust 
practice has been most strongly condemned by both 
public opinion and the press. Fortunately, cases of 
unjust imprisonment have now been reduced to a 
minimum, and this happy result is mainly due to the 
persistent efiforts of the Amalgamated Society of 
Railway Servants. 

This one fact shows more clearly than words the 
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necessity which exists for a legal defence fund, and 
also the very great advantages which have accrued to 
members from the efficient way in which this fund has 
been employed to provide legal defence and obtain 
justice in such cases. 

On the 31st August, 1878, a collision took place at 
Sittingbourne, on the London, Chatham, and Dover 
Railway, in consequence of part of a goods train 
being turned across the path of a passenger train by 
the mistake of a guard. The points were not inter- 
locked nor worked from a signal-box, nor was the 
passenger train fitted with continuous brakes. Both 
the goods guards were tried for manslaughter, but 
were found " Not Guilty." 

A serious collision occurred at Burscough Junction, 
on 15th January, 1880, in consequence of a signalman 
mistaking the position of a lever in his box. He was 
tried for manslaughter. 'The law was clearly laid 
down in this case, and is here quoted for further use 
upon any future occasion. Lord Coleridge explained 
the law of manslaughter, and stated that " the 
collision was the result of an innocent mistake, not 
through a criminal act which merited imprisonment ; " 
and the signalman was acquitted. 

Tho Eutherglen accident is one to which special 
attention should be directed. On the 24th January, 
1880, an express train came into collision with another 
train standing at Eutherglen Station upon the Caledo- 
nian Railway, chiefly in consequence of the Clark and 
Webb chain hrakQ failing to act wJien required. Although 
no person was killed, the driver, William McCuUoch 
(who had for thirty-three years held an unimpeachable 
character of carefulness, attention to duty, and sobriety), 
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was tried before Mr. Sheriff Lees^ at Glasgow, on a 
charge of " Neglect of duty.'* 

The sheriff placed very great stress upon the fact 
that the train was "fitted with a brake which was 
happily characterised as an emergency brake/' but he 
entirely omitted to take into his consideration that just 
upon the emergency the chain brake failed to act when 
the driver, in the performance of his duty, tried to 
apply it. At the conclusion of the case Mr. Sheriff 
Lees addressed the driver thus : — *' I feel sure I should 
be utterly wanting in my duty as guarding the 
safety of the public, if I treated the offence of which 
you have been guilty, wilfully, on this occasion, as one 
that can be fitly punished by the imposition of any 
pecuniary fine, or any sentence of imprisonment short 
of one which will deter others from committing the 
offence in all times coming. I consider I am treating 
you with as great leniency as possible when I make 
your sentence one of four months' imprisonment." 

Such a gross miscarriage of justice could not be per- 
mitted to pass unchallenged ; the author, therefore, 
brought the facts under the notice of the Home Secre- 
tary, and a question was afterwards asked in the House 
of Commons by Mr. Stewart Macliver, M.P., president 
of the A.S.R.S. The following letter was forwarded to 
the author, copies of which appeared in the engineering 
papers at the time : — 

93,498 Whitehall, 

~ 26th May, 1880. 

Sir, — The Secretary of State for the Home Depart- 
ment having considered your application in behalf of 
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William McCuUocli, I have the satisfaction to acquaint 
you that he has felt warranted under all the circum- 
stances in advising her Majesty to commute this pri- 
soner's sentence of four months' imprisonment to one 
of two months' imprisonment. 

I am, sir, your obedient servant, 

{Signed) A. F. 0. Liddell, 

Mr. 0. E. Stretion, 

Saxe-Ooburg Street, Leicester. 

The advocates of the chain brake did their utmost to 
prevent the release of the driver, and one of them even 
went so far as to say " he would sooner see a driver in 
prison for ever than damage the reputation of this 
brake." 

The Engineer^ commenting upon this case, remarked 
that *'the least that could be expected was that the 
Caledonian Railway Company would replace the driver 
when he was released from his unjust imprisonment." 
But the author received official information that this 
was not the course intended ; he therefore communi- 
cated with the chairman of the company, from whom 
the following reply was received : — 

[.Copy.'] 

Caledonian Railway Company, 
Secretary's Office, 

Glasgow, 8th June, 1880. 

Sir, — I have received your letter of yesterday's date, 
and beg leave to reply that although, when McCulloch 
is released, we shall not be justified in reinstating him 
as an engine-driver, we shall be prepared to oonsider 
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favourably any application he may make to us for other 
employment. — I am, sir, yours faithfiiUy, 

Thos. Hill. 
Clement E. Stretton, Esq., 
Saxe-Coburg Street, Leicester. 

It was satisfactory to find from this letter that the 
object of those who would have utterly ruined this 
most unfortunate man had been defeated, but so long 
as the "other employment" referred to was to be at a 
lower rate of wages than that of an express driver, it 
could not be considered that "justice" had been done. 
Ultimately, however, after very considerable corre- 
spondence, this unfortunate servant was reinstated as 
an engine-driver. 

Since this accident the chain brake has, by its fre- 
quent dangerous failures, 'Mamaged its own reputa- 
tion " to such an extent that the Caledonian Bailway 
Company has adopted a safe system complying with 
the conditions of the Board of Trade, and even the 
London and North-Western Company has discarded it, 
thus showing still more clearly the great injustice of 
McCulloch's sentence. 

On the 8th September, 1880, a collision occurred at 
Penilee, on the Glasgow and Paisley Joint Railway, in 
consequence of the mistake of a signalman, but Major 
Marindin's report proved that if electrically interlocked 
signals had been in use the accident could not have been 
brought about by the mistake of this signalman ; how- 
ever, he was committed to take his trial upon the charge 
of culpable homicide, but was found " Not Guilty." 

In the Prestbury case, which took place on the 
London and North- Western Railway, 3rd November, 
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1880, an engine-driver was committed for man- 
slaughter, but the cause of the collision was that the 
distant signal failed to go "on" when required, and 
that the engine had no brake on its wheels. When 
the case came before the grand jury at Chester Assizes 
there was not even evidence enough upon which to find a 
" true bill," and the driver was consequently acquitted, 
without being put to the fiirther trouble and expense 
of a trial. 

A collision between two passenger trains took place 
at the Midland Station, Leeds, 21st December, 1880. 
It was due partly to the peculiar construction of the 
station, to the use of hand signals, and the mistakes of 
servants. The signalman and two shunters were com- 
mitted for manslaughter. These men were not mem- 
bers of the Amalgamated Society, and had, of course, 
no private means for legal defence. A public subscrip- 
tion was raised for this purpose. The author was pro- 
fessionally engaged, both on behalf of the friends of 
the railway servants and the friends of the deceased 
persons killed in the collision. 

At the Leeds Assizes (February, 1881) Mr. Justice 
Manisty pointed out that "there are very different 
degrees of negligence. An error of judgment, a simple 
mistake, or an accident is not sufficient to sustain an 
indictment of manslaughter. Before such a verdict 
can be returned, it is necessary that the negligence 
shall be of that serious character known as gross, cxd- 
pable, or criminal negligence," and he considered the 
case against the prisoners as far too remote, and they 
were acquitted. In the Desford Junction case (22nd 
October, 1881) it was clearly shown that the verdict 
of the coroner's jury contained in a rider such severe 
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censure upon the company that, as the Engineer re- 
marked, ** it closely resembled a verdict of manslaughter 
against the responsible officers." The signalman omitted 
to place the points in the proper position, but such 
facing-points leading from a passenger line into a siding 
should never have been allowed to exist; they have since 
been removed. Instructions for the working of traffic 
"when the signal and interlocking arrangements are 
defective " have been issued, and the passenger trains 
have since been worked with continuous brakes. 

At Tayport a collision occurred on 25th November, 
1881. The signalman was arrested and kept in Cupar 
Prison for a week, and the guard for a few days, 
although bail to any required amount was forthcoming; 
however, when the Procurator-Fiscal found that the 
matter was receiving great attention in the engineering 
papers, and that a question was about to be asked in 
the House of Commons, he granted bail. At the trial it 
came out that the signalman was over sixty years of 
age, that he bad been in the service and borne an 
excellent character for more than thirty years, and that 
he was kept on duty daily for from 15 J to 16 hours ; at 
the end of one of these long days he made a mistake 
and caused a fatal collision. 

Major Marindin stated in his report that "it is 
hardly too much to say that it is a scandal that such 
an amount of work as is implied by these hours should 
be exacted from any man upon whose vigilance depends 
the safety of the public." 

During a severe snow-storm a collision took place at 
Mennock Sidings, on the Glasgow and South- Western 
Railway, 7th December, 1882. An express train was 
stopped by signals at Sanquhar, but the two drivers 



176 SAFE RAILWAY WORKING. 

started from that station on receiving verbal instruc- 
tions from a man (afterwards found to be a clerk sent 
by the station-master), and a colKsion with a goods train 
followed. Both drivers and the station-master were com- 
mitted for " Culpable Homicide." At the trial the charge 
against the drivers was abandoned, and the jury found 
the station-master " Not Guilty.*' 

On the 11th December, 1882, a collision took place 
at Dinting, during a storm which had blown down the 
telegraph wires and destroyed the block system. The 
signalman was committed for manslaughter on the 
coroner's warrant, but was not taken before a magis- 
trate. At the trial the judge asked, "What were the 
printed instructions of the prisoner ? " As they could 
not be produced in court, he held that " it could not be 
proved that the prisoner had violated any of the com- 
pany's rules ; as it could not be proved what his duties 
were, how could it be said that he had not acted up to 
them P " A formal verdict of " Not Ghiilty " was at once 
returned, and it was then shown that if any one was 
to blame it was a person totally different from the 
signalman. His lordship said, looking at that fact, and 
also that an irregular course had been adopted in not 
taking the case before a magistrate^ he should disallow 
the costs of the prosecution. 

In the Blackwell case, on the Midland BaiLway, 
19th January, 1883, a signalman had his attention 
suddenly called to the telegraph instrument, and forgot 
for a moment that a "light engine "was standing 
near his box ; a clerk authorised to be in the signal- 
box was stated to have given the signal for another 
train to approach. The signalman was tried for man- 
slaughter, but acquitted. 
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A serious collision between two passenger trains took 
place at Eglinton Street, Glasgow, on the Caledonian 
Railway, March 19th, 1883. The cause of the accident 
was that the driver of one train started and ran past 
a signal at danger. He had only been in the com- 
pany's service two months, having entered at the time 
of the strike. He stated that " in momentary f orget- 
fulness he overlooked the signal.'* He was committed 
for trial on a charge of " Culpable Homicide,'* • and 
admitted to bail. At the trial, however, he did not 
appear, and was accordingly outlawed. This driver 
thought he knew the road and signals, but the facts 
show that he did not ; this was an error of judgment, 
not a criminal act. 

Another case which requires attention is the disaster 
which occurred on the Caledonian Railway at Locker- 
bie, 14th May, 1883. A branch passenger train 
ran past the signals, came into collision with a goods 
train, knocking at least one waggon foul of the up 
main line, upon which the up west coast mail was ap- 
proaching at full speed. The driver and fireman of the 
leading engine of the mail and five passengers were 
killed, a very large number being injured. The Cale- 
donian Railway Company had erected a signal on the 
branch after the arrangements had been inspected and 
approved by the Board of Trade ; and Major Marindin's 
report stated that this " was a grave error of judgment 
on the part of the company." The station-master intro- 
duced a dangerous system of working trains to the 
wrong platform on the wrong line, which thus com- 
pelled drivers to pass danger signals when they received 
hand signals. The traffic inspector actually knew of 
this dangerous working, but took no steps to put a stop 

N 
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to it. The branch train \Eas not fitted with continuous 
brakes, or the driver could easily have stopped and 
avoided the first collision, and of course the disaster 
which resulted ; and if the up mail train had been pro- 
vided with a proper brake it could have been stopped from 
a speed of 50 miles an hour in much less than 360 yards. 
The Scotch authorities did not appear to have taken all 
these points into their consideration, but simply com- 
mitted the station-master and the branch driver for 
** Culpable Homicide.'* The charge against the station- 
master was abandoned; the driver was tried at Dumfries, 
but the jury returned a verdict of " Not Guilty.'* This 
result was satisfactory ; but still it appeared very hard 
that a driver should be arrested and subjected to all 
the trouble and expense of a trial for manslaughter, 
when from the very first it might have been clear to 
every one that there was no evidence to sustain such a 
serious charge. 

On the 28th July, 1883, an east coast train from 
Edinburgh was standing at the ticket platform, Cale- 
donian Railway, Perth, when it was run into by a 
west coast express from Euston. This latter train was 
fitted with the Clark and Webb chain brake. This 
apparatus failed to act when required, and thus caused 
the collision, which resulted in the death of one person 
and injury to seven others. The engine-driver was 
arrested, and charged at the Perth Police Court with 
" Culpable Neglect of Duty." Two days' examination 
failed to produce any evidence in support of the charge ; 
but instead of the driver having the benefit of any 
doubt he was committed for trial to the sheriff. He 
was, however, ultimately found " Not Guilty.'* 

An up London and North- Western express train 
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came into collision at Watford on the 31st October, 
1883, with some carriages left standing on the main 
line. The accident was due to the forgetfulness of the 
signalman, but the practice of shunting carriages from 
one main line to another in order to clear another lino 
was most objectionable and dangerous, unless means 
are adopted to make it mechanically impossible for such 
a mistake to be made. The signalman was arrested 
and charged before a magistrate with manslaughter. 
This charge, however, could not be proceeded with as 
the coroner's jury returned a verdict of " Accidental 
Death," and added to it a presentment, "that the known 
good character which the signalman bore, and the 
length of time he had been in the service, lead them 
to the opinion that his aim was to do his duty faithfully, 
and they should be pleased to see him reinstated in the 
service of the company.'* 

A collision occurred at RufPord Station, on the 
Lancashire and Yorkshire Railway, 2nd January, 1884. 
This station was not provided with the necessary 
refuge siding, and in consequence it was the usual 
practice to shunt goods trains across from one main 
line to the other in order to allow passenger trains to 
pass; and on this occasion a goods train, which had 
been crossed over, was run into by another goods 
train, which could not be stopped in time. General 
Hutchinson pointed out in his report that the coUision 
would not have occurred if there had been the neces- 
sary siding, and it would also have been prevented had 
the block system been in force as regards goods trains. 
He pointed out that if the goods traffic on the line was 
too thick to allow of the block system being carried out 
as regards goods trains, it would at any rate seem 
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desirable and practicable that the driver of a goods 
train should be informed at the previous station 
whether or not the line is clear. The collision caused 
the death of a goods guard, and the engine-driver, a 
member of the Accrington Branch of the A.S.R.S., was 
committed for manslaughter, but at the Lancaster 
Assizes a verdict of " Not Guilty " was returned. 

On the 7th June, 1884, a serious collision occurred 
at Sevenoaks, on the South-Eastem Railway, between 
two goods trains, by which an engine-driver and fire- 
man lost their lives. The accident was due to a mis- 
take in working the block system. The signalmen at 
each end of the section were both men bearing excellent 
characters, and both gave their evidence in a straight- 
forward manner. The signalman at Hildenborough 
appears to have made the principal error, and on that 
account the jury returned a verdict of " Manslaughter'* 
against him, but at the Assizes he was found "Not 
Guilty.'* Major Marindin, in his report upon this case, 
stated " it was more than probable that this accident 
would never have taken place if there had been a 
separate and distinct plunger for giving bell signals 
according to the code,** and he pointed out that the 
effective interlocking of the block instruments with the 
out-of-door signals effectually prevents collisions of this 
description arising from a signalman*s mistake. 

On the 7th July, 1884, an accident took place atWilm- 
slow, on the London and North-Western Railway, near 
Manchester. The circumstances appear to have been 
very similar to those attending an accident which 
occurred at Prestbury, November, 1880. It is the 
usual practice at Longsight to run express engines for 
a trial trip after repairs, the foreman fitter riding upon 
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tliem to watch the working, and on the occasion in 
question engine No. 1,513 was being tested without a 
train at a speed of 60 miles an hour. The Handforth 
signals were " off,*' but the Wilmslow signals " on.'* 
The driver attempted to apply the "Webb steam 
brake," but it failed to act. A collision followed, and 
the foreman fitter was killed. At the inquest Mr. 
Whale, the company's assistant locomotive superin- 
tendent, stated that 60 miles an hour was an improper 
speed, and that even when the brake had failed, if the 
driver had reversed his engine he could have stopped 
from 60 miles an hour in 300 to 350 yards. This latter 
statement was perfectly untrue, but upon Mr. Whale's 
assertions the jury returned a verdict of " Man- 
slaughter" against the engine-driver. When, however, 
the jury afterwards found that they had been misled, 
no persons were more sorry than themselves that they 
should have returned a wrong verdict ; and one juryman 
felt so strongly upon the point that he came to 
Leicester to ask the author to do his utmost to obtain 
justice at the trial, and to prevent the driver's com- 
mittal before the magistrates. When the case came 
before the magistrates at Macclesfield they did not even 
require an answer to the charge, but dismissed it with 
the remark, " There is no case at all ; not the slightest ; '* 
and at the Chester Assizes the author had the pleasure 
of being in court when the grand jury ignored the bill, 
and in accordance with the directions of the learned judge 
the jury at once returned a formal verdict of "Not 
Guilty," and the driver was set at liberty. In face of 
such facts as these it would have been but simple justice 
for the company to have reinstated this unfortunate 
driver in his former position, but instead of that he was 
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discharged from the service, after eleven years' vrork 
without a fault. The reputation oi the steam brake 
could not under any circumstances be allowed to be 
damaged, so the driver was sacrificed to it. 

On the 2nd April, 1885, a collision occurred be- 
tween Roby and Edgehill, on the London and North- 
Western Railway. A goods train was stopped for some 
time at the Roby signal-box, waiting for the previous 
train to be signalled " clear," and by some error a 
** light engine" following, ran into the rear of the goods 
train, and the guard was shaken. Nothing further was 
heard of the matter till the 12th October, when the 
guard died ; an inquest was held at Warrington, and a 
verdict of " Manslaughter" returned against the signal- 
man and driver of the light engine. When the 
charge was investigated at the Prescot Petty Sessions, 
the medical evidence proved that the deceased died 
from consumption and pleurisy rather than from the 
effects of the railway collision. Why this fact was not 
discovered by the coroner's jury before the verdict of 
" Manslaughter" was relumed is a question which was 
never explained, but it is clear that an injustice was 
done to the signalman and driver. 

On the 13th May, 1885, two gangers were thrown 
from a ballast train and killed at Inchicore, Dublin, and 
a verdict of " Manslaughter " was returned against the 
engine-driver, it being alleged that the engine was 
started without the whistle being sounded. At the 
trial the evidence was insufficient to support the 
charge, and a verdict of *' Not Guilty" was returned. 

A serious collision occurred at Binegar Station, upon 
the Somerset and Dorset Joint Railway, upon the Slot 
July, 1885. In consequence of the interlocking gear 
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Laving been removed, and no man appointed to watch 
the facing-points, as required by Rule 149a, a passenger 
train was wrongly turned into a loop line, and came 
into collision with a goods train, and a passenger was 
killed. The true cause of the accident was that the 
company's rules were not carried out by the officials, 
as follows : — 

"Rule 149a. When the interlocking of any lever 
frame, or any facing-point, bolt, or bar is out of order, 
or when any point or signal lever, or any home, start- 
ing, or advanced starting signal, or siding signal applic- 
able to a siding not protected by safety points, is 
defective, and not working properly, one competent 
man, or more, as may be necessary, provided with hand 
signals and detonators, must be appointed to act under 
the instructions of the signalman in charge of the signal- 
box, and the distant signals applicable to the lines 
affected must be kept at danger by being disconnected 
from the levers by which they are worked, and must 
remain in that position until the defect has been made 
good, and all is again in working order, 

"When the interlocking of a signal-box, or any 
facing-point, bolt, or bar is being altered or repaired, 
the fitter in charge of the work must give to the signal- 
man in charge of such signal-box an exact statement 
of the signals and points which it will be necessary to 
work temporarily without the safeguard of the inter- 
locking, or the facing-point, bolt, or bar." 

At the inquest this rule was not produced, and in 
reply to a question as to " whether it was not necessary 
to take extra precautions by placing a man at the 
points," the superintendent of the line, stated on oath 
that " it was not." Upon that false evidence the sig- 
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nalman was committed for manslaughter. This man 
was not a member of the Amalgamated Society of Rail- 
way Servants. The Leicester Branch, however, having 
heard the author's report upon the case, requested him 
to take up the matter, and obtain justice. Upon further 
examination of the facts and distances, the author found 
that the passenger train was not provided with proper 
brake power. If it had had a proper continuous brake 
it could have been stopped from a speed of 27 miles 
an hour in less than the available distance of 160 
yards, and the collision would thereby have been 
avoided. The prisoner was also unjustly treated by 
the police authorities, who would not charge him in the 
usual course before the magistrates, thus preventing the 
author from producing the evidence as to £a,cts. At the 
Bristol Assizes, the judge. Baron Pollock, in charging 
the grand jury, referred at length to the case. He 
said : — " The next case of manslaughter was against 
William Applebee, a railway servant on the Somerset 
and Dorset line, at Binegar Station. There were cir- 
cumstances connected with this case on which he felt 
bound to make some remarks. Not until that morning 
did he receive the depositions in the case ; they were 
lengthy, involving very peculiar facts — so peculiar, 
that unless a person was well versed in railway manage- 
ment it would be extremely difficult in such a short 
time to master the facts at all. He could not under- 
stand why the persons whose duty it was to lay the 
circumstances of such serious cases before the judge and 
jury had not in common decency sent the depositions 
long ago, so as to be put before him in proper form. 
That was not the only matter he had to complain of. 
These events took place so far l^ack as August, when tbo 
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prisoner was apprehended on a warrant for manslaugli- 
ter, issued by the coroner after the finding of his jury. 
It was thoroughly known to all the criminal authori- 
ties of this country, and had been laid down again and 
again by judges, that whenever a man was to be put on 
his trial it was the duty of those who did so to have 
him committed by a magistrate, before whom the evi- 
dence was taken, and who had far better means of 
inquiring into the case than a coroner's jury. That 
had been the long-established and universal rule. The 
course now adopted of sending a man for trial on the 
evidence taken before a jury led to this: In legal 
strictness a verdict of a coroner's jury was equivalent 
to the finding of a grand jury. Manifestly there was 
great inconvenience in sending a man to take his trial 
on that finding, because the judge and jury had not 
the means which they ought to have of seeing the case 
investigated before the magistrates, who would express 
their opinion by committing or discharging the accused, 
as they thought fit. In modern times they allowed 
the bill to go before a grand jury and take their opinion, 
and he would abide by that rule, and ask the grand 
jury to receive the evidence as if the man had been 
properly committed by a magistrate. Beyond doubt 
the poor woman, Annie Charles, lost her life by a col- 
lision which took place at Binegar Station in conse- 
quence of a train being sent, as it came through the 
station, on to the wrong rails — the down instead of the 
up line. The mechanical cause of the train being so 
sent was the points being wrongly placed, by reason of 
the prisoner, one of the pointsmen in the signal-box, 
moving bar No. 11 instead of No. 12. If that were an 
ordinary case the prisoner would stand almost without 
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defence, and the degree of negligence would be for the 
jury. On tlie present occasion, however, it seemed 
that some alterations were being made in the locking 
process and the signal arrangements of the station, to a 
certain extent under the supervision of the officers of 
the Board of Trade. Everything was done correctly 
and in order, but at the very time in question when 
prisoner moved the wrong bar a great portion of this 
machinery had been disconnected. No doubt if the 
prisoner had been properly instructed, and was aware 
of the exact condition of things as they existed, he 
could and ought, by using the proper- handle, to have 
avoided this accident. But then came the important 
question of negligence, and they would require strict 
proof that there had been real criminal negligence. It 
was very important for all the public travelling by 
railway that the rules should be properly observed, and 
it was also important that men in the prisoner's posi- 
tion should not be unjustly punished for criminal 
negligence. He found that the person having the 
direction and carrying out of these alterations was not 
able to say distinctly that he called the prisoner's 
attention to what was going on. That person was in a 
superior position, and would understand the nature of 
the mechanism, and the result of the changes going on. 
It did not follow that the prisoner was guilty of 
negligence. The grand jury would have the evidence 
before them, and in relief of their mental labours he 
advised them to confine their attention mainly to what 
passed in the signal-box, so as to come to a fair con- 
clusion about the extent of negligence, if any, of which 
the prisoner was guilty." 

The grand jury ignored the bill, and desired to 
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express a strong opinion that there was great neglect 
on the part of the officials of the railway company in 
not giving prisoner the necessary notice, as required by 
the rules of the company, before the alterations com- 
menced. 

The prosecution then decided to offer no evidence on 
the coroner's inquisition, and the signalman was dis- 
charged. With reference to the way of conducting 
the case by the prosecution, his lordship informed their 
counsel " that it was not the proper mode of adminis- 
tering the criminal law of this country. In such a 
serious case that course was obviously unsatisfactory.'* 

From the whole facts of the case it was from the first 
perfectly clear that a great injustice had been done to 
a railway servant, and it is to be hoped the remarks 
of thd judge may lead coroners, juries, and police 
authorities to be far more careful in future. 

A collision occurred at Coatbridge, on the North 
British Railway, on the 6th August, 1885. From' the 
Board of Trade report it appeared that the fireman 
neglected to connect the continuous brake ; the driver 
did not take the trouble to examine it ; the guard did 
not keep a look-out, or he could have applied the brake 
from his van and stopped the train. 

These three men were committed for trial on a 
charge of " Culpable Neglect of Duty," and the case 
came before Sheriff Mair and a jury at Airdrie Court. 
The driver and fireman were found " Guilty," judgment 
being that they should be " fined £10 each, or two 
months' imprisonment." The author is very glad to be 
able to point out that this is a very exceptional case, 
being the first throughout this list of accidents in which 
servants were guilty of "culpable neglect." Fortu- 
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nately, no person was killed, or the sentence miglit 
have been a very heavy one. The author examined 
the facts, and would have been glad if any excuse of 
extenuating circumstances could have been found to 
exist. Of course, no one can support or encourage 
those who are guilty of culpable neglect. 

On the 4th November, 1885, a collision occurred 
at Bridge of Dun Station, upon the Caledonian Railway. 
Major Marindin reported that there was a serious breach 
of rules by the signalman, and gross neglect of duty 
on the part of the driver, fireman, and guard. The 
signalman and driver were, on the 12th January, 1886, 
tried at Forfar, before the sherifE and a jury, upon a 
charge of " Culpable Violation of Duty.'* The jury 
took a very lenient view of the case, and returned a 
verdict that the charge was " Not Proven." 

A serious collision occurred at Binegar, on the 
Somerset and Dorset Joint Railway, on the 3rd 
February, 1886. Two goods trains met upon the 
single line. 

Colonel Rich reported that " the greater portion 
of the Somerset and Dorset Railway consists of a single 
line of rails. It is worked, subject to an undertaking 
from the company, that only one engine in steam, or 
two or more engines coupled together, shall be allowed 
to be on any section of the single line at the same time ; 
but instead of the engines being confined to particular 
sections, they are run all over the railway, the cross- 
ing of the engines and trains being managed by a 
telegraph clerk at Bath, who is specially employed 
for that purpose. This mode of working is not safe." 
. . . He recommends "that the mode of working 
the single-line portion of the Somerset and Dorset 
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Railway should be altered to the train staff or tablet 
system/' 

The signalman was tried for manslaughter at Taunton 
Assizes, and sentenced by Mr. Justice Day to six 
months' hard labour. The Government Inspector 
clearly showed in his report that the system of working 
was very dangerous, and, in fact, was the true cause of 
the accident, and that the signalman was but the human 
being who fell or was led into the trap. 

In the first edition of this volume attention was 
directed to the very unjust way in which railway ser- 
vants were committed for manslaughter. 

That complaint now no longer exists. All the judges 
have arrived at the conclusion laid down by the Lord 
Chief Justice that ''a simple mistake is not man- 
slaughter," and recently no jury will find a servant 
guilty of manslaughter if he has been on duty for an 
excessive number of hours at the time when he made 
the mistake. Eighteen and twenty hours have been 
considered by some juries as sufficient explanation, and 
in several cases juries have declined to send drivers for 
trial upon finding that the signal which they mistook 
was improperly fixed by the railway company in a 
wrong position, or upon the wrong side of the line to 
which it referred. 

The Thirsk Disaster. 

Since this volume has been in type a terrible accident 
has taken place near Thirsk, in consequence of an up 
Scotch express, on the morning of 2nd November, 1892, 
dashing into the rear of a goods train. 

The facts are that the signalman had great trouble 
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at home in consequence of the illness and death of hia 
child ; he lost his rest, and was completely unfit to go 
on duty, and he fell asleep in the signal-box. Had he 
remained asleep, simply a delay would have followed ; 
but he woke up suddenly and pulled off the signals with- 
out knowing what he was really doing, the following 
being the verdict of the jury : — 

" The jury find that the deceased persons came to 
their deaths through a collision betwixt two trains 
near Manor House cabin, on the North-Eastern Rail- 
way, on the morning of November 2nd, 1892, through 
the culpable negligence of Signalman James Holmes 
signalling the line clear when at that time a goods 
train was on the rails ; and we are convinced that if the 
said James Holmes had been relieved from duty when 
he so urgently applied for relief this would not have 
occurred, and the persons really responsible for the 
deaths of the deceased are the directors of the North- 
Eastern Railway Company, by sanctioning such a long 
term of duty as twelve hours for a signalman on a main 
line of railway, where the trains are so frequent. We 
recommend a reduction of night duty to eight hours 
in all important and main-line cabins. With respect 
to relief men, we are surprised that not a single relief 
man was to be found for Holmes that night. We con- 
sider seventeen men to be utterly inadequate. There 
was great blame attached to the driver of the goods 
train for not soimding his whistle according to rule. 
Mr. Kirby, the station-master, ought to have sent a 
more definite telegram, stating that Holmes was unfit 
for duty. We are surprised that no provision exists on 
the trains for extinguishing fires occurring to trains 
running." 
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The Coroner said he also was " astonished no provi- 
sion was made for extinguishing fires that might occur 
in the way that did at Manor House, and that the latter 
was allowed to burn in the manner it did." 

As a result of the verdict of the jury, the unfortunate 
signalman was committed for trial for manslaughter, 
but the author fails to see any ground of a verdict for 
manslaughter when the signalman simply made a mis- 
take. Also, to say that the directors of the North- 
Eastem Railway were responsible for the deaths of the 
passengers is extraordinary, as it is perfectly certain 
that not one of the directors personally knew of the 
death of the signalman's child, nor that he himself 
was unfit to go on duty ; and that part of the verdict 
which relates to '* fires in trains " is absolutely absurd. 
To carry out the wishes of this jury every train 
must be fitted up with a fire-engine and a large 
tank of water, and it is hardly necessary to point out 
that in case of accident it is almost certain that the 
fire-engine itself would be rendered useless by the 
collision. 

The author entirely agrees with the jury that 13 or 
14 hours of night duty is far too long ; but in this 
case the hours had nothing whatever to do with the 
accident, as the signalman was perfectly unfit to go to 
work at all, and the true cause of the disaster is that 
he was obliged to do so. 

At the trial at York Assizes a verdict of " Guilty " 
was returned, but the judge very properly considered 
it only necessary to bind the signalman over to come up 
for judgment j/* called upon. 



CHAPTER Vni. 

Overwork. 

Overwork on railways is highly dangerous, hoth to 
the men and to the passengers. Ten hours a day of 
railway work, considering its importance, should be 
sufficient, and care should be taken that proper time 
for rest, say eight or nine hours, is allowed between 
each terra of duty. Signalmen should not be called 
upon to work more than eight hours at a stretch, and 
at very busy and large junctions, six hours is as much 
as should be required. It is not a question of how 
many hours a man can work, but of how many hours 
he can work traffic efficiently and safely ; and any 
railway servant who has been on duty fifteen, eighteen, 
or twenty-four hours is not and cannot be in a fit con- 
dition to devote that sole attention to his work which 
its importance so much demands. 

During the past few years there have been many 
accidents due to the excessive hours of duty which 
railway servants have to work at a stretch upon some 
lines. 

At Eastleigh, upon the London and South-Western 
Railway, on the 12th July, 1890, a fatal collision took 
place in consequence of a driver and fireman failing to 
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observe signals. Major Marindin reported to the 
Board of Trade, " It is not difficult to aceoimt for the 
conduct of these men, who, I feel convinced, must 
have been asleep, or nearly so, upon the engine, for 
they had at the time been on duty for nearly 16J 
hours. It hardly needed this accident to show the 
enormous risk which attaches to the employment of 
drivers for these inordinately long hours, for it has 
often been pointed out in previous similar cases, and, 
apart from this, it should be patent to all that there is . 
a limit to human endurance, and that a driver cannot 
be considered to be in a fit and proper state to perform 
his very responsible duties after working for such a 
length of time." 

Mr. Oourtenay Boyle, the Secretary to the Railway 
Department of the Board of Trade, in his report, dated 
August, 1890, states : — 

" I regret also to have to refer to the number of 
instances in which servants of the companies, perform- 
ing duties connected with the trains to which accidents 
occurred, had been at the time of the accident on duty 
for a large number of hours.'* 

Major-General Hutchinson, in a report published 
on the 18th January, 1891, relating to a collision at 
Sheffield, states : — 

^'It is impossible to expect a man in the responsible 
post of signalman to maintain his efficiency up to the 
end of so long a spell as fourteen hours." 

Major Marindin reports that the Great Northern 
driver and fireman in the case of the collision and 
fatal accident near Leeds had been on duty 18J hours, 
and that " even their regular hours — viz., 13 — are too 
long." 

o 
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Major-General Hutchinson, in a report published 
on the 2l8t January, 1891, states that the Brighton 
Company's driver, fireman, and both goods guards had 
been on duty 14f hours at the time of the collision, 
and calls special attention to the ** objectionably long 
hours." 

Upon page 162 of the first edition the danger of ex- 
cessive hours of duty was pointed out, and the author 
was then under the impression that in the interests of 
public safety the companies would take the subject 
into consideration and reduce the hours. That, how- 
ever, has not proved so ; the hours worked at a stretch 
have gradually increased. The reports by the Board 
of Trade, and questions which have been asked in 
Parliament, have failed entirely. The great cause of 
the excessive hours is due to the large introduction of 
the *' trip system,'* by which the companies only pay 
for the time which a train is booked to perform a 
" trip," not by the actual hours which a " trip " takes. 

In the interests of the travelling public the time 
appears to have arrived when either Parliament or the 
Board of Trade must place a limit upon the hours 
which a railway servant may be required to work at 
one stretch. 

Since the above was in type events have moved 
extremely quickly. A brief reference to the facts is 
therefore necessary. 

Excessively long hours of duty at a stretch, such as 
18, 20, 24, and 27 hours, are frequently worked upon 
many lines, but more especially in Scotland. Against 
these hours the railway servants " struck " work at 
Christmas, 1890, and the disastrous strike lasted for 
six weeks. In January, 1891, a Parliamentary return 



A VERY SMALL MAJORITY. 195 

was published confirming the statements that excessive 
hours are worked to a very serious and dangerous extent. 

Mr. F. A. Channing, M.P., on the 23rd of January, 
1891, directed the attention of the House of Commons 
to the whole question of excessive hours, and moved a 
resolution proposing to give power to the Board of 
Trade to limit the hours of railway servants. 

The motion was opposed by the Government, and, 
after a debate extending over eight hours, a division 
took place, when there appeared, 

For Mr. Ghazming's inotlon to give power to 

limit hours 124 

Against the motion 141 

Majority for the Government . .17 

The division was of a strictly " party '* character, but 
several of those who voted with the Government spoke 
strongly against the present excessive spells of duty 
which are worked, and the President of the Board of 
Trade stated that '' during the years 1889, 1890, the 
inspecting officers had found that fourteen collisions 
were more or less due to excessive hours of work on 
the part of railway servants, principally drivers and 
firemen, and twenty-four separate instances of over- 
time were given in relation to those cases." 

On Saturday, January 31st, 1891, the strike upon 
the Scotch railways came to an end, having completely 
failed to effect any reduction in the excessive hours 
worked. Parliament and public opinion appear, how- 
ever, determined to deal with the subject. 

In the House of Commons on February 3rd, 1891, 
the President of the Board of Trade, Sir M. Hicks- 
Beach, moved that a Select Committee be appointed 
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to inquire whether, and in what way, the hours worked 
by railway servants should be restricted by legislation. 
The motion was agreed to without a division. 

The Select Committee sat for a considerable time 
and took a vast amount of evidence, showing the great 
extent of overwork on railways. The labours of the 
Committee were, however, almost useless, as some of 
the companies commenced to discharge those servants 
who gave evidence, with the result that witnesses 
could not be found to come forward. The Directors 
of the Cambrian Railway were called to the bar of the 
House of Commons and censured for their action in 
discharging a station-master named Hood. 

The inspecting officers of the Board of Trade in 
their reports constantly have occasion to point out that 
in certain accidents the men have been on duty ex- 
cessive hours. 

In one case Major Marindin had occasion to report 
that a guard named Choules, who was killed in October, 
1891, " had at the time of his death been on duty 
22^ hours ; and that the average for the last three days 
of his life was 18 hours 46 minutes per day.'' 

Such excessive hours must be considered out of all 
reason; the writer is well aware that some of the 
companies have done something to reduce the hours 
worked — on the other hand many companies have 
entirely ignored the subject, and continue to work 
their men to a most dangerous extent. In the inte- 
rests of the companies themselves it is very much to be 
regretted that they did not some time ago take up the 
matter and reduce the hours, without either strikes, or 
Parliamentary legislation. 

There is, of course, no practical difficulty in avoiding 
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long hours (except in case of accident), but the real 
difficulty is one of expense. 

Excessive hours, especially under the trip system, is 
a source of great saying to the companies, as thousands 
of hours are worked every day for which no pay is 
given, and which will now require the employment of 
other men to work. 

Expenses must increase, but the safety of the public 
and the servants will be provided for, which is not now 
the case, as shown by the Board of Trade reports. 

The writer is generally opposed to the State taking 
part in railway management, but the pressure of public 
opinion, the requests of the servants, and the reports of 
the inspecting officers having all completely failed to 
put an end to the excessive hours worked at a stretch, 
the only course now left is for Parliament to firmly 
deal with the matter by legislation. If all the hours 
worked wdfe paid for, or if the " trip system " were 
abolished, excessive hours would at once cease, as to 
keep a man on duty for an excessive time would not 
then be to the advantage of the companies, as it 
now is. 



APPENDIX I. 

RAILWAY TRAFFIC RETURNS. 

The publication of the returns relating to railway 
capital, traffic, and working expenses, together with 
the statements of the chairmen at the half -yearly 
meetings, have once again directed special attention to 
the decline of first and second-class traffic, and the 
increase and wonderful development of the third class. 
It has been asserted by some writers that railways 
would have been gainers if the old system had been 
retained, and the third class left practically where it 
was ten or twelve years ago. Such arguments, and 
figures based upon them, are of little value, for railway 
companies, like individuals, must either progress with 
the times, or be left completely in the rear ; and most 
certainly the companies which do the greatest good to 
the greatest number by every endeavour to promote 
and increase third-class traffic will receive their full 
share of reward and profit. For many years railway 
companies conveyed only first and second class passen- 
gers by fast trains, third-class passengers having to 
travel by slow trains, nmning at very inconvenient 
times, and composed of very uncomfortable carriages. 
Third-class traffic was therefore practically diecouraged, 
and it was hoped that the third-class passengers would 
thus be forced to ride in carriages of a superior clasa 
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at higher fares. In practice, however, it was found 
that, although a small proportion of persons were thus 
compelled to ride " second class,'* a very large propor- 
tion were forced to stay at home and not travel at alL 
The folly and absurdity of this mistaken policy was 
well known to Sir James (then Mr.) Allport, of the 
Midland Railway, and upon April 1, 1872, that company 
conferred a very great boon upon the travelling public 
by attaching third-class carriages to all its trains at 
the parliamentary fare of one penny per mile. This 
change proved, in a very short time, that the third- 
class traffic, which had been for years " pushed on one 
side'* and "discouraged," actually paid better than 
either the first or second classes, which had been 
specially accommodated and encouraged. The second- 
class traffic, however, was found to gradually decrease 
until January 1, 1875, when the Midland Company very 
wisely abolished that class, and were thus enabled by 
this means to take ofi the empty second-class carriages, 
which had become simply an additional dead weight 
upon the trains. The last improvement introduced on 
the Midland came into force November 1, 1883, when 
first-class passengers were allowed to ride in the 
Pullman drawing-room and dining cars without 
extra charge. The question has been asked, but 
not clearly answered, WTiy the first class declines ? It 
must be remembered that at the time when first and 
second class flourished, third-class passengers were only 
conveyed in slow trains, therefore those who tra- 
velled in the higher classes not only paid for superior 
carriages, but for increased speed. Money thus laid out 
paid the passengers in the shape of time saved in travel- 
ling ; but in these days the third-class passenger, very 
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properly, performs liis journey by the same trains (there 
are exceptions upon some lines) and arrives at his desti- 
nation as quickly as the higher classes. It will thus be 
seen that the first-class passenger does not now obtain 
any extra speed for his additional fare, and the ques- 
tion resolves itself simply into this : Will passengers 
pay two or three pence per mile to sit in a first-class 
carriage, when for one penny they can ride, perhaps, 
in the next compartment of the same vehicle? The 
decline of first-class traffic is the most conclusive answer 
that they will not, and there can be no doubt that either 
the first-class fares must very soon be lowered, or the 
empty first-class carriages now to be seen upon many lines 
must be taken ofE the trains, as they are fast becoming 
useless dead weight. The rapid decline of first-class 
traffic has for some time been referred to at half-yearly 
meetings, and a short time ago it will be remembered 
that Mr. Moon, at Euston, remarked, ** We find that 
gentlemen of the first position take third-class tickets. 
All he hoped was they would have sweeps or navvies 
riding with them.'* The returns show that the cheap 
class forms the mainstay of the receipts, and there can 
be no question that the only true policy is to encourage 
and increase the third-class traffic. During the year 
1884 the total capital shows an increase, the receipts a 
decrease, and 183 additional miles of line have to be 
worked, consequently a decline in dividend must be the 
result. The following tables give the summaries of 
the returns for the year 1884, and it will be noticed 
that even in the present depression of trade the 
third class shows an increase both in numbers and 
receipts. 

The total receipts per train mile were a little over 
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4s. 10|d. (58*12), and the working expenses 2s. 8|d. 
(32-22), showing a net profit of nearly 2s. 2d. (26-90) 
per mile. 



Mileage. 
Number of miles run bj passenger trains 


. 171,768,652 


f, f, goods and mineral trains • 


. 148,500,145 


ff ff mixed trains . . • 


3,339,428 


Total . 


• . • • 


. 323,598,125 


Passenger traffic. 


Number of journeys. 


Receipts. 


Urst-class i)assengers • 


. 30,423,776 


£3,143,609 


Second-class „ . • 


. 63,378,397 


2,527,481 


Third-class „ . . 


. 751,661,495 


21,809,859 


Season tickets (1,402,776) . 


• — 


2,432,970 


Hxcess luggage, mails, &c. • 


, — . 


932,714 


TotAl . 


. 845,463,663 


£35,130,916 




Weight in tons. 


Receipts. 


Goods trafSo . • • • 


. 310,308,678 


£43,230,717 



Miles of Kailway open 31st December, 1891 • • • 20,191 

Number of locomotives 16,860 

Number of passenger carriages 39,122 

Number of vans, waggons, and all other vehicles (not in- 
cluding private traders' waggons) .... 553,114 



Capital paid up and raised. 

Ordinary £340,361,063 

Guaranteed and Preferential 339,182,845 

Loans and Debenture stock 239,881,213 



Total 



£919,425,121 



Receipts. 
From passenger traffic 
From goods traffic 
From miscellaneous traffic 



Total 



£35,130,916 

43,230,717 

3,498,974 

£81,860,607 
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Cost of workinsr per 
Workixig expenses. train mile in pence. 

Maintenance of way and works, &c. • • • . . 5*40 

Locomotive power 9*46 

Rolling stock 2-95 

Traffic expenses 10'22 

General charges 1*39 

Kates and taxes 1*66 

Goyemment duty 0*25 

Compensation for personal injuries 0*12 

Compensation, damage, and loss of goods . . . . 0*19 

Legal and Parliamentary expenses 0*24 

Steamboat, canal, and harbour expenses — 

Miscellaneous 0*37 

Traffic expenditure not classified •••••• — 

32*22 

Total receipts as above £81,860,607 

Total working expenses as above . . . . . 45,144,778 
Proportion per cent.^of expenditure to receipts, 65 per cent. 

Attention should here be directed to a most important 
question, which must, at no very distant date, be practi- 
cally considered. The author refers to the increase of 
train miles and the decrease in receipts per mile. With 
a decline in business it is certain that competition be- 
comes much more severe, but it is a mistake to run 
useless mileage with certain trains simply for the sake 
of nominal competition. During the year 1891, the 
passenger mileage was considerably increased. There 
is great reason to believe that a large portion of the 
extra working is due to the running of new trains, 
which do not pay half or even a quarter of the working 
expenses; indeed, the author has figures and proofs 
that there are trains running which do not average 
six passengers, and, as a rule, are composed of six 
vehicles. Again, in consequence of the number of 
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empty first and second-class compartments on trains, 
the total weight is needlessly increased, often causing 
the running of two engines. The author is of opinion 
that by reducing the number of useless empty trains, 
and the removal of empty carriages from other trains, 
working expenses can be very considerably reduced 
without curtailing the accommodation given to the 
travelling public, and he has for a considerable time 
advocated the introduction of third-class dining and 
sleeping carriages. There can be no question that the 
company granting such a boon to the cheap class will 
very soon increase its receipts. 

At the present time the first-class traffic barely pays 
its working expenses ; the second-class is being worked 
at a very great loss by those companies which persist 
in retaining it ; but the third-class brings in an 
enormous profit. 



APPENDIX n. 

MIXED TRAINS. 



For several years past the Amalgamated Society has 
strongly condemned the running of mixed passenger 
and goods trains, and has urged that, if such trains 
are run, the passenger carriages should at least be 
placed in the safest place, near the engine, and in 
front of the waggons. 

Several accidents have recently occurred, and it is 
satisfactory that the following circular has been issued. 



204 SAFE RAILWAY WORKING. 

E.4,163. 

" Board of Trade, Railway Department, 

'' London, S.W., 25th August, 1886. 

"Sir, — The attention of the Board of Trade has 
been specially directed by some of the reports which 
have recently been received from their inspecting 
officers to the practice of running mixed trains in 
which passenger carriages have been attached to goods 
waggons. The facts brought to their notice in these 
reports have borne out the opinions expressed in 
previous reports as to the dangers arising from the 
running of mixed trains, especially when goods or 
other waggons are placed between the engine and the 
passenger carriages. The inspecting officers report 
that the risk of so placing the passenger carriages out- 
weighs the advantages which may in some cases of 
accident to the front of the train have resulted from 
the waggons taking the worst of the shock. In these 
circumstances the Board of Trade wish to call the 
attention of the directors of the Railway Com- 
pany to the desirability of avoiding, as far as may be, 
such a practice. If the running of mixed trains is not 
altogether avoidable, care should be taken that any wag- 
gons attached to such trains are specially constructed 
for the purpose, and fitted with such appliances as are 
generally adopted in the case of passenger carriages. 
The Board of Trade trust that, when the condition of 
the traffic necessitates the running of mixed trains, the 
passenger carriages will, as far as possible, be placed 
in front and not to the rear of goods waggons, and that 
all other precautions will be taken to lessen the risk of 
conducting traffic on such a system. 

"I am, Sir, your obedient servant, 

" COURTENAY BoYLE. 

**To the Secretary of the Railway Company/' 



APPENDIX III. 

FOa SIGNALLINa. 

Upon page 7 reference is made, and a hope expressed, 
that at some future time an efficient mechanical appli- 
ance will be adopted in case of fogs. 

The recent very dense fogs have reminded us that 
the very best systems of outdoor signals require to be 
supplemented by the use of explosive or fog-signals. 
In districts where there are frequent fogs, and also 
upon all high signal posts, there should be small dupli- 
cate arms fixed near the ground in order that they 
may be seen. The constant " bang, bang '* which we 
have recently heard so much of, informs us that we 
have passed over two fog-signals placed ten yards 
apart, and that we are close to a signal which is 
standing at " danger," and the application of the con- 
tinuous brake immediately makes us aware that our 
driver is obeying the signal. The duty of a fog-man is 
both dangerous and disagreeable, but the highly effi- 
cient manner in which they perform their duties is 
shown by the safe way in which traffic is worked at a 
time when the driver cannot see his hand before him. 

After every " fog " it is usual for a host of ** Inven- 
tors " to design appliances to avoid the use of the fog- 
men, and to perform the work mechanically. It appears 
to them to be easy to have a store of fog-signals so 
arranged that when the signal is " on," their apparatus 
places the fog-signal upon the rails, and when " ofi" " 
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the signal is removed. The author has lately examined 
large numbers of such designs, but, although they may 
work well in a model, they are actually useless and 
unreliable in daily working, as the arrangement soon 
becomes frozen, or blocked with snow. It will there- 
fore be seen that it would be necessary to employ a 
man to watch the action of and keep the " self-acting 
fog-signal apparatus" in order, and that being the 
case, it is safer for the man to put the fog-signal on the 
line by hand as is done at present. 

However, the electric fog-gongs, which are being 
used experimentally upon a few sections of the London 
and North-Western Railway, are working very satis- 
factorily, and appear to be the best mechanical system 
yet tried. 

Instruments have been fixed in each cabin, lettered 
on one corner of the dial, " bell silent,*' and on the 
other, "bell sounding'* or "buzzer sounding." Be- 
low the dial is a small handle, and the words " on " 
and " off." 

When a fog or snowstorm comes on, the signalman 
must immediately switch in the fog-signalling appa- 
ratus by moving the handle to the word " on," and 
when the fog has sufficiently cleared away, or the 
snowstorm has ceased, the signalman must switch out 
by moving the handle to the word " off." The driver 
is warned by the " audible sound " of the bell or gong 
that the signal is at danger. 

The author has also watched the working of a similar 
apparatus on the North-Westem at the up distant 
signal for Hampstead Heath Station and at the down 
distant signal for Finchley Road Station, to which the 
following instructions apply : — 
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" 1. In order to apprise engine-drivers and guards 
by means of an audible signal when the above 
signals are standing at danger in foggy weather, 
the gongs (which have been fixed about 60 yards 
outside the tunnel mouth) will commence to 
sound when the train reaches a point about 
250 yards outside the tunnel mouth. 

"2. The gong must operate regularly, and should 
sound at all times when a train or engine ap- 
proaches the distant signal at ' danger.' If it 
fails to do so the engine-driver must immedi- 
ately inform the signalman at the box, aud he 
must at once advise the Telegraph Department, 
and report the. circumstance. 

" 3. The sounding of the gong will indicate to the men 
in charge of the passing engine or train that 
the distant signal is standing at * danger,' and 
the speed of the engine or train must be regu- 
lated accordingly. 

*' 4. When the gong commences to sound the signal- 
man at the cabin in advance (in connection 
with whose box the gong is working) will be 
apprised of the fact by the Indicator of his appa- 
ratus passing over to * gong soimding,' and the 
Indicator will remain in this position so long as 
the gong continues to sound. 

** 5. So soon as the engine or train which has set the 
gong in operation has passed the signal-box 
from which the distant signal is worked, the 
signalman must press in the plunger of his 
instrument at once, when the Indicator will 
immediately pass over to the signal *gong 
silent,' and the gong will then cease to sound. 



APPENDIX IV. 

THE LEICESTER AND SWANNINaTON RAILWAY. 

The Leicester and Swannlngton Railway is one of the 
most ancient and interesting lines in the kingdom, but 
it is undoubtedly the least known. In one respect it 
is unique, namely, that a considerable portion of this 
old line remains to-day practically as it was sixty years 
ago ; whereas the other early lines — the Stockton and 
Darlington, and Liverpool and Manchester — have been 
altered, improved, and their working brought up to 
modem practice. 

From the commencement of the Swannington line, 
and the completion of the West Bridge Station, Leices- 
ter (the upper part of which was the Directors' Board 
Room), nearly the whole of the official documents 
remained until the years 1868 — 69, when, in conse- 
quence of a report made by a young official that " the 
cupboards were full of old paper,'* they were all re- 
moved, a very few to Derby, but all the more interesting 
papers were destroyed or sent to the paper-maker, 
therefore much information relating to the line has 
been lost. 

It was nothing imusual to see the fires at the station 
and at the engine-shed lighted with letters by George 
and Robert Stephenson, with plans and sections of the 
line, and even with working drawings of the locomo- 
tives and carriages. 
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The writer for a number of years took great interest 
in the history of this railway, and as a boy spent much 
of his time thereon, and at the suggestion of the old 
railway servants, fortunately obtained permission to 
take copies and tracings of the diagrams of locomotives, 
plans, sections, and all the more important documents, 
some years previously to their being destroyed. This 
fact becoming known to his engineering friends, he has 
been specially asked to prepare as full and complete a 
history as possible. 

The early letters which passed between Mr. William 
8tenson, Mr. John Ellis, and Mr. George Stephenson 
conclusively prove that towards the close of the year 
1828 the Leicestershire Colliery owners at Coleorton 
and Whitwick found that Derbyshire coal was being 
sent by canal to Leicester, and that their coal was 
practically shut out of its own market. Mr. Stenson, 
of the Whitwick Colliery, wrote : "Our carting beats 
us, but I see a way to relief if we can but get a railway. 
I've tried the ground with my theodolite, and find no 
diflSculty." Mr. John Ellis therefore went to the 
Liverpool and Manchester Railway to consult George 
Stephenson, and he, after going over the route, made a 
report in favour of the projected line. 

From one of Stephenson's letters confirming a pre- 
vious conversation it is clear that he had been asked to 
become the engineer, for he wrote : " I have thirty-one 
miles of railway to make, and that is enough for any 
man at a time." But being afterwards asked to recom- 
mend an engineer, he suggested his son Bobert, and 
when asked if he would be answerable for him, replied, 
" Oh, yes, certainly." Consequently, Mr. Robert Ste- 
phenson, at the age of twenty-seven, was appointed 

P 
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engineer. The Company was formed, a large portion 
of the capital having been raised in Liverpool, George 
Stephenson himself becoming the largest shareholder. 

The Company's Act received the Boyal Assent, 29th 
May, 1830, giving power to construct a railway from 
the navigable part of the river Soar, near West Bridge, 
Leicester, to the northward end of the village of Swan- 
nington, together with four branches, extending to the 
Whitwick, Ibstock, and Bagworth Collieries, and 
from the ancient Fosse Hoad to the North Bridge, 
Leicester. The three former branches were constructed 
at the expense of the colliery owners ; the latter, to the 
North Bridge, was never made. The length of the 
main line (exclusive of branches) was sixteen miles 
five chains ; it was single throughout except at stations 
and upon the Bagworth incline. 

A large slab of slate placed at the door of the West 
Bridge station at a height of 180 feet above mean 
water at Liverpool, was used both as a starting-point 
for distances and as the datum for heights. 

The gradients were severe, but that was of little im- 
portance, as in great measure they were favourable to 
the loaded coal-trains. Leaving the West Bridge 
station, Leicester, the railway ran past Glenfield, Groby 
Branch, Ratby, Desford, Merrylees, Thornton, to the 
old Bagworth station, thence up a self-acting incline, 
then continuing past the present Bagworth station and 
the Ibstock branch, to the summit, the gradients being 
1 in 147, level, 754, 480, 364, 211, 132, 150, 138, 119, 
level, 29, level, and 97. Thus in a distance of 11 miles 
55 chains, the line rose to the Stanton-under-Bardon 
road crossing no less than 391 feet above Leicester, and 
from this height the railway declined by gradients of 
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1 in 197, 206, 190, 203, 251, past the Asliby Road 
station (now Bardon Hill), the junction of the Whit- 
wick branch, the Long Lane station (now Coalville), 
Snibston No. 1 Colliery, and the Swannington incline 
of 1 in 17, to the level portion of the line at the end of 
the railway at the village of Swannington, 

The line was commenced towards the close of the 
year 1830, and was opened, amid great rejoicing and 
the firing of cannon, on 17th July, 1832 ; on which 
occasion the first train drawn by the " Comet,'* driven 
by George Stephenson, and consisting of open carriages 
and coal waggons filled with passengers, ran from 
Leicester to the foot of the Bagworth incline. The 
details of that journey are very clearly set forth in a 
letter by Mr. William Kelly, F.S.A., of Leicester, who 
writes as follows : — 

" The letter of my friend, Mr. Clement E. Stretton, 
on this subject, has visibly recalled to my recollection 
an episode of my youthful days, when, 59 years ago, I 
was one of the party who were the first to travel over 
this, one of the earliest of our lines of railway, behind 
a locomotive engine, or — as the late Mr. William 
Gardiner (who was there) designated it at the time — 
*the puflBng monster.' A train of new coal trucks, 
across which planks of wood were laid as seats, was 
formed on what had previously been the pleasant green 
peninsula of land, on which had formerly stood the 
ancient monastery of the Friars Ermite of St. Augus- 
tine, but which has since become the dingy and grimy 
West Bridge Coal Wharf. These rough extemporised 
seats in the coal trucks were gradually filling with a 
somewhat numerous company of ladies and gentlemen, 
including the great George Stephenson (whom I after- 
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wards had the honour of knowing), Mr. John Ellis, 
with his son, the late Mr. E. S. Ellis and other pro- 
moters of the undertaking. 

"My sister and I were watching the proceedings 
from the garden of our house at the Bow Bridge, when 
Mr. Gillespie, the resident engineer, came to the other 
side of the River Soar and invited us to join the party, 
which we did. At length a fair start was made, and 
all went well until reaching the middle of the tunnel, 
when a sudden shock was felt. The train came to a 
dead stop. The engine chimney was knocked down, 
and the occupants of these open carriages were for 
some time in the middle of a moist and smoky atmo- 
sphere, which was odorous of any thing but the perfumes 
of Arabia. This accident was explained at the time 
as having been caused by one of the cross-timbers used 
in constructing the top of the tunnel having by mistake 
not been removed ; but the late Mr. E. S. Ellis told me, 
a few years ago, when talking over the events of the 
day, that it was really owing to a mistake in the 
gradient of the line. 

" On at length emerging from the tunnel a sudden 
transformation in the appearance of the company was 
strikingly apparent. Owing to the combined effect of 
the steam and dense smoke, the light bonnets, veils, 
and dresses of the ladies, and the shirt frqnts and faces 
of the gentlemen, were thickly covered with black 
spots. Farther on a brook crossed the line : here the 
train was stopped, and most of the party descended and 
washed their faces in the stream, using their pocket 
handkerchiefs as towels. It was highly amusing to 
witness the alarm and excitement which the first sight 
and sound of the ' Fu£Bng Monster ' caused to the cattle 
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in the fields as we passed. Cows ran bellowing about 
with their tails straight out, and horses galloped about 
in all directions. One young horse, in particular, after 
scampering across the field, tried to leap over a five- 
barred gate, but failing in the attempt, fell on his back 
on the top of the gate, and turned a complete somer- 
sault on the other side. 

" On reaching our destination at Bagworth, some of 
the party (including my sister and myself) were hos- 
pitably entertained at the house of Lord Maynard's 
agent, and others at various places in the village, and 
some of the gentlemen availed themselves of the oppor- 
tunity of descending the coal pit. Except for the one 
little mishap, a very pleasant day was spent, and the 
first train on the Leicester and Swannington Railway 
accomplished the return journey in perfect safety." 

The principal work on the Swannington line was the 
Glenfield Tunnel, which commenced at a distance of 
one mile and fifty chains from Leicester. This tunnel 
is a mile and 36 yards in length, straight and level, 
built of brick, the arch being semi-circular, described 
with a radius of 5ft. 8 Jins. The height is given on the 
official plan as 13ft. 6ins., and 10ft. Sins, wide at the rail 
level, but when the writer measured the height some 
years ago, the minimum was 13ft. 3ins. ; the difference 
is easily accounted for by the increased depth of the 
rails now in use. 

The course of this tunnel lay for more than 500 
yards through loose running sand, the presence of 
which rendered it necessary for Mr. Robert Stephenson 
to construct a wooden tunnel to support the sand while 
the brickwork was being erected. Its construction was 
carried on from both ends, and from four large and ten 
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small shafts (one of the latter, namely, the fifth from 
Leicester, has since been closed and removed). 

The official report states that " the several portions 
met with surprising accuracy. This was proved on the 
visit of the directors, by placing candles along the 
wall at intervals." A serious mistake was, however, 
made in the level of the rails, for on the opening day 
the chimney of the engine drawing the first train was 
knocked down. The " Comet " had passed through 
the tunnel safely with ballast trains upon several occa- 
sions, but two or three days before the " opening,*' it 
became necessary to raise the rails in a few low places, 
and unfortunately, the platelayers lifted the road too 
much. 

The gauge of the line was 4ft. 8|ins., or what we now 
consider the national gauge. When Mr. George 
Stephenson was consulted as to the gauge of the 
Leicester and Swannington and the Canterbury and 
Whitstable Railways, he replied, " Make them of the 
same width ; though they may be a long way apart now, 
depend upon it they will be joined together some day.'' 
This line is one of the few early ones which had the 
gauge limited outside ; the clause in the Act was as 
follows : — 

**LIII. And be it further enacted, that the distance 
between the inside edges of the rails of the said railway 
shall not be less than four feet eight inches, and the 
distance between the outside edges of the rails of the 
said railway shall not be more than five feet and one 
inch." 

The rails were of wrought iron, of the elliptical, or 
more generally known as the "fish-bellied" pattern, 
illustrated page 15 of this volume. 
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The Bagworth incline was self-acting, the loaded 
waggons descending by gravity, pulled up the empty 
ones by means of a rope. This incline was 43 chains 
in length, and the gradient 1 in 29, and commenced at 
a distance of 10 miles 12 chains from West Bridge 
Station. A grooved wheel, six feet in diameter, was 
fixed horizontaUy in a square space under the rails at 
the top, round which a hemp rope, 1,000 yards in 
length, passed. 

On arrival of a train from Leicester at the Bagworth 
station and the foot .of the incline, the locomotive 
engine was detached, and the empty waggons connected 
to the rope. Loaded waggons having been brought 
by another locomotive to the top of the incline, were 
attached to the other end of this rope, and their greater 
weight pulled the empty ones to the top ; a man riding 
on each train regulated the brakes, and in addition a 
brake was applied when necessary to the wheel at the 
top. In the middle of the incline there was a loop or 
passing place, and from this loop to the top there were 
three rails, the centre one being common to both up 
and down traffic ; the object of this was to account for 
the width of the wheel and position of the rope ; also 
to save the cost of a fourth rail, and yet not to have 
facing points. 

At the lower end of the loop where the double set of 
rails commenced, the old plans show a pair of self- 
acting slides, or switches, to guide up trains alternately 
on the right or left line ; they were made of oak, 8ft. 
long, plated with iron, and fastened by pins driven 
perpendicularly through the upper ends, and the lower 
ends rested alternately on the outer and inner rails, the 
wheels of the descending train pushed the slides over, 
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SO that the next up-train must go up the line the last 
one came down. 

The company's books stated that the hempen rope 
was 1,000 yards long, 5in8. in circumference, weighing 
two tons, and costing £60, and that a new rope pur- 
chased in 1838 lengthened between thirty and forty 
yards, and varied in length six to eight yards in wet 
or dry weather. At that date ten or twelve loaded 
waggons of about six tons each were run down at one 
time, the descent occupying eight or nine minutes. It 
was not considered safe for passengers to be conveyed 
upon the incline, consequently the carriages were de- 
tached at each end, and the passengers were required to 
walk the intermediate distance ; but it appears that if 
they chose to ride in or upon the waggons, practically at 
their own risk, they were not prevented from so doing. 

During the summer of 1843, thirteen waggons of 
coal weighing 80 tons, slipped from the " rope " at the 
top of the Bagworth incline, ran down the gradient at 
a high speed and dashed into twenty empty waggons 
standing at the bottom. The report states that ** half 
the empty waggons were completely smashed up and 
piled in a heap three deep. The loaded waggons were 
but little injured ; no person was hurt.'' 

The Bagworth incline was worked by an Incline 
Contractor, who was provided with a house, and received 
one penny for every waggon worked down. In January, 
1836, he worked 2,959 loads, and received £12 6s. 7d. 
He employed and paid his two assistants. 

The Swannington incline, which commences at a 
distance of fifteen miles forty- six chains frem Leicester, 
was, and is to-day, worked by a stationary engine and 
rope. 
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When the Leicester and Swannington Railway was 
opened in July, 1832, the passenger fares charged were 
l^d. per mile. There was one class onli/, and passengers 
stood up in an open carriage, generally known as a tub ; 




Fig 42. — Open Hallway Carriage, 1832. 

it was nothing better than a high-sided goods waggon, 
and had no top, no seats, nor spring buffers. 

Tickets were issued to the various stations; these 
were of brass, of octagon form, as shown in the accom- 
panying illustration. The guard of the train carried a 
leather bag, something in the form of a collecting-box, 



RAILWAY 

BAGWORTH 
\n920 

Kg. 43.— Brass Ticket, 1832. 

having eight separate divisions, one for each station. 
At the end of each passenger'^ journey the ticket was 
placed in the bag by the guard, to be returned, recorded 
in the books, and used again. These brass tickets 
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remained in use for the ''open carriage passengers" 
from 1832 to 1846. 

Immediately after the opening of the line it became 
apparent that " one class " was not sufficient, and in 
August, 1832, orders were given for the construction 
of a first-class carriage. The first of these was built 
at the West Bridge station by the Company's men, 
and commenced upon November, 1832. It had three 
compartments, weighed 2J tons empty, and the length 
of the frame was 17ft. The first-class fare for passing 
in this vehicle was 2^d. per mile, and the tickets for 
which were on paper, the name of the station and the 
name of the passenger being booked in by the booking- 
clerk. The first-class passengers were also allowed 




Fig. 44.— First-Class Carriage, 1832. 



to book their seats some days in advance. The system 
of booking has many years ago been abolished, but to 
this day when we go to a station to get a " ticket," we 
say we are going to the " booking office." 

The system of signalling was of a primitive character, 
hand signals, flags, and hand lamps being employed. 
At each intermediate station, and also at the Stag 
and Castle Inn, Thornton, a pole was erected upon 
which a red flag, or rea lamp, was hoisted, whenever 
it was necessary to stop a train to pick up passengers, 
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or to attach waggons, and the ahsence of the " stop 
signal'' was an intimation to the driver to proceed on 
his journey. 

In 1832, when the second engine arrived, it became 
necessary to avoid trains meeting upon the single line, 
they therefore followed each other about 15 minutes 
apart, and to avoid collision in the tunnel a 15-minute 
sand glass was employed at Glenfield Station, and 
another at the Tunnel-house. When one train entered 
the tunnel the glass was turned, and if a second arrived 
within 15 minutes it was stopped by means of a flag, 
or by a candle placed in the window of either the 
Glenfield Station or the Tunnel-house, and the absence 
of the flag or candle was the signal to go into the 
tunnel. At the Tunnel-house, it should be mentioned, 
the wife of a platelayer attended to the sand glass and 
lighted the candle. 

The illustrations of the engines used upon this rail- 
way are given in the author's book, " Locomotive 
Development," and have lately been presented by him 
to the South Kensington Museum. 

Some of the clauses in the early Acts of Parliament 
relating to this railway are interesting. The one passed 
29th May, 1830, enacts : — " That all persons shall have 
free liberty to use, with horses, cattle, and carriages, 
the said railway upon payment of toUs." " For every 
person passing in or upon any carriage, not drawn or 
propelled and provided by and at the expense of the 
said company, the sum of 2Jd. per mile ; but if the 
carriage is drawn and propelled by the company, 3d. 
per mile." 

The words "shall have free liberty to use the railway 
upon payment of toUs," have had a much greater 
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importance than was ever thought of at the time, as 
they form the basis of the whole system of " running 
powers '' which companies exercise over the various 
lines, and also gave power to the colliery owners and 
private traders to send their own waggons over the 
railways. 

Another clause, OIL, explains, as follows, very 
clearly, the origin of the mile-posts on railways : — 
" And in order to ascertain and calculate with greater 
precision and facility the distance for which tonnage 
shall be demanded . . . the said company shall cause 
the railway to be measured, and stones or other con- 
spicuous marks to be set up and for ever maintained, at 
the distance of one-quarter of a mile from each other, 
with proper inscriptions thereon ; and it shall not be 
lawful for the company to demand or take any rates 
for or in respect of any goods, wares, merchandise, or 
other things, but for Q.nd during such time as such 
stones shall be so set up and maintained as aforesaid." 
From this clause it will be seen that the origin of 
mile-posts was for the protection of traders, and not 
for the information of engine-drivers, as some persons 
appear to imagine. The powers granted to work the 
Swannington line with " horses or cattle " were never 
exercised, and on the 10th June, 1833, another Act was 
passed, which states that: "Whereas the main line 
hath been constructed with a view to locomotive steam 
engines being used, it might be very injurious to the 
said railway and inconvenient and dangerous if horses 
or cattle were used.*' They were therefore disallowed. 
The Act also gave power to construct a branch to Soar 
Lane Wharf, Leicester ; this branch crosses the canal 
by a curious drawbridge, designed by Mr. Robert 
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Stepliensoii, and still in use, the movable part being 
raised and lowered by means of chains at the four 
comers passing oyer pulleys and attached to counter- 
weights. 

In 1832, a branch line was made by Lord Stamford, 
at his own expense, to connect his granite quarries at 
Groby with the Swanningtoii Railway ; and, in the 
following year, George Stephenson, Joseph Senders, 
and Joshua "Walmsley constructed a line to their Snib- 
ston No. 2 Colliery at Coalville. 

By an Act of 1833, the Coleorton Railway Company 
made a line from the foot of Swannington incline to 
join the ancient Ashby tramroad, thus placing the 
Leicester and Swannington, Coleorton, and Ashby 
lines, also the Ashby Canal, in direct communication. 

The following particulars as to capital and perma- 
nent way, are extracted from the Company's books : — 

At a Special General Meeting of the proprietors, 
held at the Bell Hotel, Leicester, 6th September, 1830, 
1,639 shares were issued, Nos. 1 to 1,639, of £50 each ; 
the register of proprietors being sealed and signed — 
" Clement Winstanley, Chairman." At another meet- 
ing held at the Bell, 14th January, 1833, shares were 
issued from 1,640 to 1,800, and the shares were after- 
wards increased to 2,000. 

At a Special Meeting held at the White Lion Inn, 
Leicester, 27th December, 1837, the capital was further 
increased to 2,800 shares of £50 each, equal £140,000, 
the register being signed by Mr. Winstanley, Chair- 
man. 

PEEMAJSTENT WAY. 

£ B. d. 
Cost of Formatioii — Total, or thereabonts . 81,000 

Fencing, per mile 215 
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£ 8. d. 

Blocks, per mile 396 

Sleepers „ 660 

Rails „ 924 

Chairs „ 308 

Laying down, per mile, on blocks . • . 176 

,, „ „ on sleepers . . 132 

Ballast and laying down per mile . . • 88 

Draining, per mile 55 

{This calculation has refer^ee to a single line of rails only,) 

1846— 
On continnous bearings in tunnel ... 1 mile. 
Length on stone blocks ..... 7} miles. 
Length on transverse sleepers . • . • 7J „ 
Length of a transverse sleeper .... 9 feet. 
24 embankments, above 100 yards long, 7 miles 73 chains. 

Width of embankments 14 feet. 

Highest embankments 26 ,, 

22 cuttings, above 100 yards long . 6 miles 41 chains. 

Width of cuttings 12 feet. 

Extreme depth 20 „ 

Tunnel ... 1 mile long, 12ft. wide, 14ft. high. 

Viaduct, Glenfield Brook, Igth., Oft. ; wdth., 13ft. ; ht., 14ft. 

Bridges total, 9. 

„ passing under the railway . . . n 8. 

Bridge passed over the railway 1. 

Width of piers 14 feet. 

„ parapets 11 »> 

(The over bridge is about sixteen miles from Leicester , on the 

Swannington incline,) 

The cost of constructing the main line of railway 
was equal to £7,970 per mile. The books show that 
for the three years ending December, 1839, the 
average profit was £8,648, being equal to 6'17 per 
cent, on the capital. The maintenance of way was, 
during that period, equal to £130 14s. per mile. The 
locomotive power and repairs of engines amounted to 
£2,099 13s. 2d. per annum. 

At the time of the Railway mania, 1843-45, several 
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lines were proposed to work in connection with, or to 
purchase, the Leicester and Swannington Railway. 
The official correspondence shows that the " Leicester 
and Tamworth*' — "Leicester, Tamworth, Coventry, 
Birmingham, and Trent Valley Junction" — "Direct 
Birmingham, Leicester and Boston '* — the " Leicester 
and Bedford" — and the "Direct London and Man- 
chester " (all competing companies) were at one time 
trying to obtain possession of the Leicester and Swan- 
nington Bailway, and at the same date that company 
was desiring to form a branch from Desford to Poles- 
worth to join the Trent Valley Railway, and practically 
to work with the London and North- Western^ The 
Midland Company, desiring to avoid competition in the 
district through which its railway ran, bought the 
Leicester and Swannington Railway ; a dividend of 8 
per cent, being guaranteed on the capital of £140,000, 
and a mortgage of £10,000 being also taken over. 

The Leicester and Swannington shareholders, at a 
meeting held at Leicester, 20th August, 1845, unani- 
mously agreed to sell the line to the Midland Company 
upon the terms above mentioned, and an Act for the 
vesting of the railway was passed 27th July, 1846, by 
which the Midland Company was required to create 
£140,000 of " Leicester and Swannington Stock," to 
be divided amonget the former shareholders, consisting 
of 2,800 shares of £50 each. The stock was finally 
redeemed by the Midland Company in 1870. On the 
3rd August, 1846, an Act was passed to enable the 
Midland Company to alter and improve some portions 
of the Swannington line, and to make branches from 
the main line of the Midland Railway near Welf ord 
Road Bridge, Leicester, to join the Swannington line. 
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near Newfound Pool, Leicester, and from Coalville to 
Burton-on-Trent. 

In the following year this Act 'was abandoned and 
another passed, 2nd July, 1847, under which powers 
the present Leicester and Burton line was constructed. 
The old railway was doubled between Desford Junction 
and Thornton, and also between Bagworth and Mantle 
Lane, Coalville, and a new deviation line, two miles in 
length, was constructed in the parish of Thornton, to 
avoid the Bagworth self-acting incline of 1 in 29, and 
to obtain a line over which locomotives could work. 
Passengers travelling from Leicester to Burton will 
observe the track of the old line on the right-hand side 
soon after passing Merrylees, running on the level 
close in front of the Stag and Castle Inn, thence over a 
field, past the site of the old Bagworth Station, which 
is now pulled down, to the foot of the incline which 
runs about a hundred yards to the right of the existing 
line ; the old house for the Incline Contractor will still 
be observed. It should be mentioned that in 1831, 
when the Bagworth incline was designed and com- 
menced, the correspondence shows that Mr. Robert 
Stephenson was most anxious to avoid what he called 
the rope business, and amongst the old papers the writer 
found no less than five alternative schemes ; but as the 
nature of the ground necessitated gradients in any case 
of 1 in 66, the idea of a locomotive running up such an 
incline in 1832 was, of course, out of the question. 

However, during the years 1848 — 49, the power of 
the locomotive having increased, Mr. Robert Stephen- 
son (in conjunction with Charles Liddell) constructed 
the line having gradients of 1 in 6i), which some seven- 
teen years previously had to be avoided. 
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The present West Bridge Station, Leicester, with 
the board-room over it, remains to-day as it was at the 
time when Mr. John Ellis, George Stephenson, and the 
other fourteen directors held their meetings. Six miles 
near Leicester and 1^ near Swannington still remain 
practically unaltered. The trains in 1832 consisted of 
coal and goods waggons, with passenger carriages 
attached, and so they continued until the last day of 
the year 1887, or for a period of over fifty-five years. 

In consequence of a circular issued by the Board of 
Trade to the various railway companies, urging them 
to avoid the running of mixed trains as far as possible, 
the passenger and goods traffic has been worked sepa- 
rately during the past four years, and more recently 
quite a little sensation upon the old line was caused 
by the introduction of new carriages fitted with all the 
modem appliances, such as high continuous footboards 
and automatic continuous brakes. 



Our readers may be interested to know that the 
Author has presented to the Leicester Museum a length 
of rail with two chairs, a brass ticket, a share-certificate, 
and blue-print copies of all the ten Locomotive Engines, 
Plans, and Sections. 

Specimens of the old "stone block" sleepers may 
frequently be seen in walls, buildings, and platforms. 
The garden walls in front of " Alma Villas," No. 101, 
also of No. 61, London Head, Leicester, are both built 
of disused " blocks" from the Swannington Railway. 

It should also be •mentioned that an old driver named 
Thomas West Smith, who has now reached the good 

Q 
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old age of 86, still resides at Leicester. He was in 
the employ of the Leicester and Swannington Bail- 
way Company when the line was first opened in 1832, 
and having attained the position of driver has driven 
the whole of the ten engines which have been placed 
on the line at various times, namely, the " Comet,'' 
"Phoenix," "Samson," " Gteliath," "Hercules,*' 
"Atlas," "Liverpool," "Vulcan," "Ajax," and the 
" Hector." 
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A BSOLUTE block system de- 
scribed, 60. 

Accidents on railways, 1891, 1 . 

Adams, joint chair by, 26 ; fish- 
plates introduced by, 27. 

Armagh accident, 104. 

Ashby tramroad, 12. 

Author, the, suggests third-class 
dining and sleeping cars, 203. 

Automatic brakes necessary, 91. 

Axles, breaking of crank, 132 ; by 
Vickers & Co., 138 ; Larbert 
accident, 146 ; miles run by, 
137 ; Fenistone accident, 142 ; 
steel versm iron, 133 ; Stretton's 
patent, 141. 

TD ALL and key fastening, 21. 

^-^ Ball valve, 125. 

Barker's hydraulic brake, 92. 

Barlow's ii'on-road, 24. 

Barnes, Mr., Lawson Colliery, 12. 

Bars, locking, 78 ; train safety, 82. 

Binegar accidents, 182, 188. 

Birkinshaw's fish-bellied rail, 15. 

Block system, described, 50 ; in- 
struments, 51 ; signal codes, 54 ; 
early history of, 47 ; union with 
interlocking, 63. 



Blocks, stone permanent way, 11. 

Board of Trade conditions re brakes, 
95 ; reports on accidents, 1 ; 
circular re mixed trains, 204. 

Brakes, automatic, 91 ; Barker's 
hydraulic, 92 ; Clark and Webb's 
chain, 92 ; conditions for effi- 
ciency, 95; continuous, 91, 97; 
vacuum automatic described, 115; 
Westinghouse automatic de- 
scribed, 107. 

Brunei, Mr., broad gauge, 22. 

Burscough Junction accident, 170. 



pANONBURY tunnel accident, 

^ 62. 

Carlisle accident, 106. 

Cast-iron plate-rails, 9 ; sleepers,. 
24 ; wheels, 9. 

Chairs introduced, 1 1 . 

Chanmng, Mr., M.P., 101, 195. 

Colebrookdale line, 10. 

Communication, cord system, un- 
reliable, 5. 

Compagnie des Appareils* coup- 
Ung, 166. 

Continuous brakes, 90. 

Cook, coupling by, 161. 
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CSonpling trials at Nine EIxdb, re- 
port, 150. 

Couplings for railway waggons, 
149 ; by Cook, 160 ; by Darling, 
162 ; by Hill, 160 ; by Latham, 
164 ; by Paris Company, 166 ; 
by Younghusband, 159. 

Crossings, 33, 36 ; scissors, 39. 

Cylinder for brakes, Westingbonse, 
111 ; yacuum, 124. 



T^ARLING, automatic waggon 

coupling by, 162. 
Defective signalling, 67. 
Distant signals, proper pattern, 4. 
Double parallel rails, 21. 
Drivers* valve, 109. 



Tj^DGE rail introduced, 11. 
Ejector, combined, 122. 
Electric repeaters to work with 

signal arm, 5. 
Engine fitted with vacuum brake, 

116 ; "Westinghouse, 108. 



TRACING - POINTS, improved 

duplex detector, 79, 
Facing-points to be avoided if pos- 
sible, 4. 
Fish-plates introduced, 27. 



/WALTON, Captain, brake ex- 
^^ periments by, 69. 
Gauge of railways, 17. 
Glcnfield tunnel, cast-iron road laid 

through, 24. 
Guards' valve, 109, 126. 



HAND - SIGNALLING dan- 
gerous, 4. 
HarUey*s Hj >u m too rigid, 23. 



Hexthorpe accident, 103. 
Hill, Mr., coupling by, 160. 
Hodgson, Mr., electric interlooking 
by, 64. 

TNTERLOCKING of pointa and 

signals, 59. 
Improved detector by Saxby and 

Farmer, 78. 
Iron axles, 133 ; rails, cast, 9 ; 

wrought, 13. 



JESSOFS edge rail. 10. 

Junction working, 80* 
Junction, double line, 36. 



T?"EYS, iron, 16 ; wooden, 91. 

T ATHAM Brothers, coupling 

^ by, 164. 

Leicester and Swanning^n Bail- 
way, report re stone-blocks, 23 ; 
history, 208. 

Liverpool and Manchester Rail- 
way, 19. 

Locke, Mr., double parallel rails 
by, 21. 

Lockerbie, accident at, 177. 

Locking g^ear for sig^nals, 80. 

Locomotive — 

" Locomotion," 19. 
"Rocket," 20. 

Longitudinal system of sleepers, 
32. 

Lord Coleridge on Manslaughter, 
170. 



A/T ANIST7, the late Mr. Jnstioe, 

on manslaughter, 174. 
Mechanical slot signal, 76. 
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Midland Railway, Sir J. Allport's 
policy, 199 ; block code, 64 ; 
permanent way, 31 ; position of 
keys, 28. 

Mixed trains, 204. 

Moon, Mr., on third-class, 200. 



AT ARROW gange, origin of, 17. 

Newark brake trials, 92. 
Nine Elms coupling trials, 149. 
North-Eastem brake trials, 94. 
North-Eastem, cost of permanent 

way, 44. 
Novelty, the, 20. 



QUTSIDE keys, 28. 

Outram's, Mr., way, 12. 
Overwork -dangerous, 192. 



■pASSENGER communication, 
5 ; platforms and footboards, 
6 ; traffic, 198. 

Penilee, accident at, 173. 

Penistone, accident at, 100, 142. 

Permanent way, ancient, 8 ; badly 
drained, 25 ; ballast, height of, 
30 ; chairs first introduced, 11 ; 
cost of, 44 ; crossings, 33, 37 ; 
first requisites for good, 25 ; 
gauge, 17; joint chairs, 26; 
keys, iron, 15 ; keys, wooden, 
21 ; fish-plates, 27 ; platelayers, 
9 ; points, 33, 37 ; rails, bridge, 
32 ; rails, cast-iron, 9 ; rails, 
double-headed, 21 ; rails, <* fish- 
bellied,'* 15; parallel, 21; rails, 
various patterns, 30 ; sleepers, 
cast-iron, 24 ; sleepers, position 
of, at joints, 27 ; sleepers, steel, 
40 ; sleepers, weight of, 43 ; 
sleepers, wooden, 31 ; stone- 



blocks, 11 ; weight of, per yard, 
44 ; wooden, 8. 

Perth accident, failure of chain- 
brake, 178. 

Prestbnry accident, failure of signal, 
174. 



ID AILS, steel, weight of, 31; 

•^^ breaking of, 32 ; fish-belUed 
pattern, 15. 

Railway accidents, 1891, 1 ; axles, 
133 ; brakes, 90; couplings, 149 
origin of 4-feet 8J-inch, 17 
platelayers, origin of name, 9 
Railway Reg^ulation Act, 1889, 
104 ; servants and law of man- 
slaughter, 168; servants' long 
hours dangerous, 192 ; traffic 
returns, 198 ; working expenses, 
total, 200 ; working expenses per 
mile, 201. 

Reservoir, main, for brake, 111. 

Rocket, the, 20. 

Rutherglen, failure of the chain 
brake at, 170. 



O ADDLE-BAOK rail by Barlow, 






24. 



Sans Pareil locomotive, 20. 

Shunting on main lines dangerous, 
86. 

Signals, electric slot, 76 ; distant, 
home, and starting, 50 ; defective 
gigrnalling, 67 ; diagram of junc- 
tion, Plate II. ; proper position 
for, 4 ; returns, 46. 

Single line, train staff system, 83 ; 
tablet system, 83. 

Sittingboume accident, 170. 

Six months' hard labour, 189. 

Stephenson, Mr. Q-. , opinion on the 
gauge, 19. 
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Stockton and Darlington Railway 
permanent way, 19 ; " Locomo- 
tion," 19. 

Stone-blocks used by Barnes, 12. 

Stretton's patent crank-axle, 141. 

Stretton, report on brakes, 97. 

Suggestions for safety, 3. 

Super-elevation on curves, 34. 

Sweep and navvy policy, 200. 

Syke's system of signalling, 65. 



1ANK engines unsafe at express 
speed, 5. 

Third-class traffic, the mainstay of 
receipts, 198 ; Mr. Moon upon, 
200 ; third-class dining and sleep- 
ing carriagfes required, 203. 

Thirsk accident, 189. 

Traffic returns, 198. 

Tramroads introduced, 8 ; Gole- 
brookdale, 9 ; origin of name, 11. 

Triple valve, HI. 



TTNIFORM system of signals 

necessary, 4. 
Union of block and interlocking 
systems, 63. 



United Kingdom, miles run by 
trains, 201 ; miles of line open, 
201 ; open for passengers, 201. 

■yACUUM brake, 115. 

Vacuum brake frozen, 106. 
Vickers and Oo.'s steel axles, 139. 
Vignol's rail described, 32. 

T^ATFORD, accident at, 179. 
"Webb, Mr., steel permanent 
way by, 40. 

Wennington accident, 33. 

Westinghouse automatic brake de- 
scribed, 107; fulfils Board of 
Trade conditions, 113; results 
obtained at Gisbum, 95 ; at 
Newark, 93 ; at York, 94 ; for 
fast goods trains, 128. 

"Wheels, cast-iron, 9 ; wooden, 9. 

Wilmslow accident, failure of steam 
brake, 180. 

Wooden keys, introduced by Mr. 
Locke, 21 ; ways, 8. 

Wrought-iron rails first tried, 13. 

Y^UNaHUSBAND and Hud- 
son, coupling by, 159. 
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ciples. — Gravity and Fall of Bodies. — Accelerating and Retarding 
Forces. — Mill Gearing, Shafting, etc. — Transmission of Motive Power. — 
Heat.— Combustion : Fuels. — Warming, Ventilation, Cooking Stoves.— 
Steam.— Steam Engines and Boilers. — Railways — Tramways. — Steam 
Ships. — Pumping Steam Engines and Pumps. — Coal Gas, Gas Engines, etc.— 
Air in Motion. — Compressed Air.— Hot Air Engines. — Water Power,— 
Speed of Cutting Tools.^Colours. — Electrical Engineering, 

\* Opinions of thb Press. 

*' Mr. Clark manifests what is an innate perception of what is likely to be useful in a pocket* 
book, and he is really unrivalled in the art of condensation. . . . It is very difficult to hit upon 
any mechanical ens^ineerinsf subject concerning which this work supplies no information, and the 
«xcellent index at the end adds to its utility. In one word, it is an exceedingly h»ndy and efficient 
tool, possessed of which the engineer will be saved many a wearisome calculation, or yet more 
weansotne hunt through various text-books and treatises, and, as such, we oan heartily recom* 
mend it to our readers, who must not run away with the idea that IMr. Clark's Pocket-book ii 
only Molesworth in another form. On the contrary, each contains what is not to be found in the 
other ; and Mr. Clark takes more room and deals at more length with many subjects than Moles* 
worth possibly could." — 77t* Engineer, Sept x6th, 1892. 

" Just the kind of work that practical men require to hare near to \hem"-- English Mechanic. 

B 
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MR. MUTTON'S PRACTICAL HANDBOOKS. 



Handbook for Works' Managers. 

THE WORKS' MANAGER'S HANDBOOK OP MODERN 
RULES, TABLES, AND DATA. For Engineers, Millwrights, and BoUer 
Makers; Tool Makers, Machinists, and Metal Workers; Iron and Brass 
Founders, &c. By W. S. Hutton, Civil and Mechanical Engineer, Author 
of "The Practical Engineer's Handbook." Fourth Edition, carefully Re- 
vised and partly Re-written. In One handsome Volume, medium 8vo^ 
price i£«. strongly bound. 



The A uthor having compiled Rules and Data for his own use in a grea^ 
variety of modem engineenng work, and having found his notes extremely useful^ 
decided to publish them — revised to date — believing that a practical work, suited to 
the DAILY REQUIREMENTS OF MODERN ENGINEERS, would be favourobly rccetved. 
In the Fourth Edition the First Section has been re-written and improved by the 
addition of numerous Ilh itratious and new matter relating to Steam Engines ar.iC 
Gas Engines. The Secu d Section has been enlarged and Illustrated, and through- 
out the book a gnat number of emendations and alterations have been made, with the. 
object of rendering the book more generally useful. 

%* Opinions of tbb Press. 

" The author treats erery subject from the p^int of view of one who has collected worktop 
notes for application in workshop practice, latl.er than from the theoretical or literary aspect. The 
volume contains a great deal of that kind of infonuatk>n which is gained o&ty by practical experi- 
ence, and is seldom written in hooks,"— En^ituer. 

"The volume is an exceedingly useful one. brimful with engineers' notes^ memoianda, andi 
rules, and well worthy of being on every mechanical engineer's bookshelf."— JbRKAaw^o/ IVorld. 

"A formidable mass of facts and figures, read^ accessible through an elaborate Index 
.... Such a volume will be found absolutely necessary as a book of rdference in all sorts- 
of 'works 'connected with the metal txAdes."—Jty land's Iron Traeles Circular. 

" Brimful of usefbl infbrmation, stated in a concise form, Mr. Hutton's books have met a press> 
ing want among engineers. The book most prove extremely useful to every practical ma^ 
|>o$$cssing a copy."^l'r0ctkul £ngfne<r. 

New Manual for JPractical Engineers, 

THE PRACTICAL ENGINEER'S HAND-BOOK. Comprising 
a Treatise on Modem Engines and Boilers : Marine, Locomotive and Sta^ 
tionary. And containing a large collection of Rules and Practical Data* 
relating to recent Practice in Designing and Constructing all kinds of 
Engines, Boilers, and. other Engineering work. The whole constituting a 
comprehensive Key to the Board of Trade and other Examinations for Certi- 
ficates of Competency in Modem Mechanical Engineering. Bv Walter S. 
Hutton, Civil and Mechanical Engineer, Author of "The works' Maoager's 
Handbook for Engineers," &c. With upwards of 370 Illustrations. Fourth 
Edition, Revised, with Additions. Medium 8vo, nearly 500 pp., price zSs. 
Strongly bound. 

This work is designed as a companion to the Author* t "Works^ 




0/ Modern Engineering Work. 

The information is given in a condensed and concise form, and is illustrated by 
upwards of 370 Woodcuts: and comprises a quantity of tabulated matter of great 
value to all engaged in desig»i»g,constructing, or estimating for EiiGiKES,BoiLERSt 
ani other Engineering Work. 

%* Opinions of the Press. 

" We have kept it at hand for several weeks, referring to it as occasion arose, and we have not 
on a single occasion consulted its pages without nnding the information of which we were in quest." 

" A thoroughly good practiced handbook, which no engineer can go through without learning 
something that will be ofservice to him. "<—A/ar<«<i5»«i«*«r. 

" The author has collected together a surprising quantity of rules and practical data, and has 
shown much judgment in the selections he has made. . . . There is no doubt that this book is 
one of the most usei\il of its kind published, and will be a verv popular compendium."— ffv*"'^* 

" A mass of infbrmation, set down in simple hmguage, and in such a form that It can be easily 
referred to at any time. The matter is uniformly gooa and well chosen and is greatly eluddated 
by the illustrations. The book win find its way on to most engineers' shelves, wMre it wU rank as 
one ofthe most useful books of reference."— Pra«««at/£»V<««''« . , ^ 

" Full of useful information and should b« found on the office shelf of all pmctical engtneen." 
'^SngHsh JliechaMie, 
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MR. MUTTON'S PRACTICAL HANDBOOKS-^continued. 

Practical Treatise on Modem Steam-Boilers* 

STEAM-BOILER CONSTRUCTION. A Practical Handbook 
for Engineers, Boiler- Makers, and Steam Users. Containing a large Col- 
lection of Rules and Data relating to Recent Practice in the Design, Con- 
struction, and Working of all Kinds of Stationary, Locomotive, and Marine 
Steam-Boilers. By Walter S. Hutton, Civil and Mechanical Engineer, 
Author of "The Works' Manager's Handbook," "The Practical Engineer's 
Handbook," &c. >^th upwards of 300 Illustrations. Second Edition. 
Medium 8vo, iSs. cloth. [Just publisked. 

13" This Work is issued in continuation of the Serifs of Handbooks written 
by the Author, tiz;— "The Works' Managers' Handbook" and "The Practi- 
cal Engineer's Handbook," wA/c/i are so highly appreciated by Engineers for 
the practical nature of their information ; and is consequently written in the same 
stj le as those works. 

The Author believes that the concentration, in a convenient form for easy refer- 
ence, of such a large amount of thoroughly practical information on Steam^oilerSy 
will be of considerable service to those for whom it is intended, and he Uusts the boot 
may be deemed worthy of as favourable a reception as has been accorded to its 
predecessors, 

*:^* Opinions of the Press. 

" Every detail, both in boQer desisfn and manat^ement, is clearly laid before the reader. The 
Tolume shows that boiler construction has been reduced to the condition of one of the mobt exact, 
sciences ; and such a book is of the utmost value to the Jin de sUcle Engineer and Works*^ 
Manager. "—Marine Eiigituer. 

"There has lon^ been room for a modem handbook on steam boilers : there is not that room 
now. because Mr. Hutton has filled it. It is a thoroughly practical book for those who are occu- 
pied in the construction, design, selection, or use of boilers."— £Me^M«(r. 

" The book is of so important and comprehensive a chanicter that it must find its way thto 
the hbraries of everyone mterested in boiler using or boiler manufacture if they wish to be 
thoroughly informed. We strohgly recommend the book for the intrinsic value of its contents."— 
Machinery Market. 

" The value of this book can hardly be over-estimated. The author's rules, formulae. Ac, are- 
all very fresh, and it is impossible to turn to the work and not find what you want. No practical 
engineer should be without iV— Colliery Guardian. 

Hutton^ s *^ Modernised Templeton.^* 

THE PRACTICAL MECHANICS' WORKSHOP COM- 
PA NION, Comprising a great variety of the most useful Rules and FormuUa 
in Mechanical Science, with numerous Tables of Practical Data and Calpn* 
lated Results for Facilitating Mechanical Operations. B7 William TAuplb- 
TON, Author of "The Engineer's Practical Assistant,'^ &c. &c. Sizteentb 
Edition, Revised, Modernised, and considerably Enlarged by Walter S» 
Huttom, C.E., Author of "The Works' Manager's Handbook," &c. Fcap. 
8vo, nearly 500 pp., with 8 Plates and upwards of 250 Illustrative Diagrams, 
6s,, strongly bound for workshop qr pocket wear and tear. 

%♦ Opinions of the Press. 

" In Its modernised foim Hutton's ' Templeton ' should have a wide sale, for It contains much 
valuable information which the mechanic will often find of use, and not a few tables and notes which 
he might look for in vain in other works. This modernised edition will be appreciated by all who 
have learned to value the original editions of ' Templeton.' ' —Eng'lish Mechanic, 

" It has met with great success in the engineering workshop, as we can testify; and there ate 
a great manv men who, in a great measure, owe their rise in life to this little hoo'k."—Buiidin£ News. 

" This familiar tezt-book— well known to all mechanics and eni^eers— is of essential service to 
the every-day requirements of engineers, millwrights, and the various trades connected with 
engineering and tniilding. The new modernised ^tioa is worth its weight in gold."— f MiA^^fv 
News. (Second Notice.) 

"This well-known and largely used book contains information, brought up to date, of the 
sort so useful to the foreman and draughtsman. So much fresh information has been introduced 
as {to constitute it practically a new book. It will be largely used in the office and workshop."— 
Mechanical World. 

Templeton^s Engineer's and Machinist's Assistant* 

THE ENGINEER'S, MILLWRIGHT'S, and MACHINIST'S 
PRACTICAL ASSISTANT. A collection of UsefulTables, Rules and Data. 
By William Tbiiplbton. 7th Edition, with Additions. iSmo, 2$. 6d. cloth. 

" Occupies a foremost place among books of this kind. A more suitable present to an q>pren> 
tice to any of the mechaniral trades could not possibly be made."— ^MttAi^ News. 

" A deservedly popular work. It should be in the ' drawer ' of every mechanic."— if^MrA 
Mechanic. 
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Foley^a Reference Book for Mechanical Engineers. 

THE MECHANICAL ENGINEER'S REFERENCE BOOK, 
for Machine and Boiler Construction. In Two Parts. Part I. Genkraz. 
Engineering Data. Part II. Boiler Construction. With 51 Plates and 
numerous Illustrations. By Nelson Foley, M.I.N.A. Folio, £5 5s. half- 
bound. [Just published. 

Summary of Contents. 

PART I. 



Measures.— Circumferences and 
Areas, &c., Squares, Cubes, Fourth 
Powers.— Square and Cube Roots.— 
Surface of Tubes — Reciprocals. — 
Logarithms. — Mensuration. — Spe- 
cific Gravities and Weights. — 
Work and Power. — Heat.— Combus- 
tion.— Expansion and Contraction. 
— Expansion of Gases.— Steam.— 
Static Forces.— Gravitation and 
Attracttion. — Motion and Computa- 
tion OF Resulting Forces. — Accu- 
mulated Work.— Centre and Radius 



OF Gyration. — Moment of Inertia. 
— Centre of Oscillation. — Elec- 
tricity.— Strength of Materials. 
—Elasticity. — Test Sheets of 
Metals.— Friction. — Transmission 
OF Power. — Flow of Liquids. — Flow 
OF Gases.— Air Pumps, Surface Con- 
densers, &c. — Speed of Steamships. 
— Propellers. — Cutting Tools. — 
Flanges. — Copper Sheets and 
Tubes.— Screws, Nuts, Bolt Heads, 
&c.— Various Recipes and Miscel- 
laneous Matter. 



With DIAGRAMS for Valve-Gear, Belting and Ropes, Discharge and 
Suction Pipes, Screw Propellers, and Copper Pipes. 

PART II. 



Riveting.— Boiler Setting, Chim- 
neys, AND Mountings. — Fuels, &c. — 
Examples of Boilers and Speeds of 
Steamships. — Nominal and Normal 
Horse Power. 



Treating of. Power of Boilers. — 
Useful Ratios. — Notes on Con- 
struction. — Cylindrical Boiler 
Shells. — Circular Furnaces. — 
Flat Plates.— Stays.— Girders. — 
Screws. — Hydraulic Tests. — 

With DIAGRAMS for all Boiler Calculations and Drawings of many 
Varieties of Boilers. 

♦** Opinions of the Press. 

" Th's appears to be a work for which there should be a larg'e demand on the part of mechani- 
cal engrineers. It is no easy matter to comfiile a book of this class, and the laoour involved is 
enormous, particularly when — as the author informs us— the majority of the tables and diagrams 
have been specially prepared for the work. The diagrams are exceptionally well executed, and 
generally constructed on the method adopted in a previous work by the same author. . . . The 
tables are very numerous, and deal with a {greater variety of subjects than will generally be found 
in a work of this kind ; they have evidently been compiled with great care and are unusually com- 
plete. All the information given appears to be well up to date. ... It would be quite nn{>os- 
sible within the limits at our disposal to even enumerate all the subjects treated ; it should, 
however, be mentioned that the author does not confine himself to a mere bald statement of 
formula and laws, but in very many instances shows succinctly how these are derived. . . . The 
latter part of the book is devoted to diagrams relating to Boiler Construction, and to nineteen 
beautifuUjr-executed plates of working drawings of boilers and their details. As samples of how 
such drawings should be got out, they may be cordially recommended to the attention of all young, 
and even some elderly, engineers. . . . Altogether the book is one which every mechanical 
engineer may, with advaatage to himself add to his ]xbr&ry."'~/ndus/ries. 

" Mr. Foley is well fitted to compile such a work. . . . The diagrams are a great feature 
of the work. . . . Regarding the whole work, it may be very fairly stated that Mr. Foley has 
produced a volume which will undoubtedly fulfil the desire of the author and become indispen- 
sable to all mechanical enginoprs." — Marine Engineer. 

" We have carefully examined this work, and pronounce it a most excellent reference book 
for the use of marine engineers." — youmal 0/ American Society 0/ Naval Engineers. 

" A veritable monument of industry on the part of Mr. Fole}, who has succeeded in producing 
'what is simply invaluable to the engineering profession." — Steamship, 

Coal and Speed Tables. 

A POCKET BOOK OF COAL AND SPEED TABLES, for 
Engineers and Steam-users. By Nelson Foley, Author of " The Mechanical 
Engineer's Reference Book." Pocket-size, 35. 6d. cloth. 

" These tables are designed to meet the requirements of ereiy-day use ; they are of sufH- * 
cient scope for most practical purposes, and may be commended to engineers and users of 
^tearn."— /»w». 

" This pocket-book well merits the attention of the practical etulneer. Mr. Foley has com- 
piled a very useftil set of tables, the information contained in wntch is frequently cequired bf 
engineers, coal consumers and users of steam."— /rvw and Coal IVades Review, 
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Steam Engine. 

TEXT'S OOK ON THE STEAM ENGINE. With a Sup- 
plement on Gas Eo^nes, and Part II. on Heat Engines. By T. M. 
GooDBVB, M.A., Barrister-at-Law, Professor of Mecbanics at the Normal 
School of Science and the Royal School of Mines; Author of "The Princi- 
pies of Mechanics," "The Elements of Mechanism," &c. Eleventh Edition, 
Enlarged. With nnmerons Illastrations. Crown 8vo, 6s. cloth. 

"Professor Goodeve has given us a treatise on the steam eng^e which win bear comparisoQ 
with anything written by Huxley or Maxwell, and we can award it no higher praise."— fnrmMr. 

" Mr. Goodeve's text-book is a work of which every young engineer should possess himself." 
^■Mining journal. 

" Essentially practical in its aim. The manner of exposition leaves nothing to be desired."— 
Scafsma;t. 

Gas Engines. 

ON GAS-ENGINES. Being a Reprint, with some Additions, of 

the Supplement to the Text-book on the Steam Engine, by T. M. GooDBVBt 

M.A. Crown 8vo, 35. 6d, cloth. 

" Like an Mr. Goodeve's writings, the present is no exception in pdnt of general exceOenot. 
It is a valuable little volume,'— MetManiatl World. 

Steam Engine I>e8ign. 

THE STEAM ENGINE ; A Practical Manual for Draughts- 
men, Designers, and Constructors. Translated from the German of Her- 
mann Haeder; Revised and Adapted to English Practice by H. H. P. 
PowLES, A.M.I.C.E., Translator of Kick's Treatise on " Flour Manufacture." 
Upwards of x,ooo Diagrams. Crown 8vo, cloth. [/» the press. 

Steam Boilers. 

A TREATISE ON STEAM BOILERS: Their Strength, Con- 
struction, and Economical Working. By Robert Wilson, C.B. Fifth Edition. 
Z2mo, 65. cloth. 

"The best treatise that has ever been published on steam bo&ers."— ^^^wmt. 
"The author shows himself perfect master of his subject, and we heaitily recommend all em* 
ploying steam power to possess uemselves of the wotk."—Jiyland's Iron TrmtU Circular, 

Boiler Chim^neys. 

BOILER AND FACTORY CHIMNEYS; Their Draught-Power 
and Stability, With a Chapter on Lightning Conductors. By Robert 
Wilson, A. I.C.E., Author of "A Treatise on Steam Boilers," &c. Second 
Edition. Crown 8vo, 3;. 6d. cloth. 

"FuU of useful information, definite in statement, and thoroughly practical in treatment. *'— 
Th€ Local Government Chronicle. 

" A valuable contribution to the literature of scientific building."— TTt^ Builder, 

Boiler Making. 

THE BOILER'MAKER'S READY RECKONER &> ASSIST- 
A NT, With Examples of Practical Geometry and Templating, for the Use 
of Platers, Smiths and Riveters. By John Courtney, Edited by D. K. Clark, 
M.I.C.B. Third Edition, 480 pp., with 140 Illusts. Fcap. Bvo, 75. half-bound. 

" A most useful work. ... No workman or apprentice should be without this book."— 
Iron Trade Circular, 

" Boiler*makers win readily recognise the value of this volume. . . . The tables are dearly 

Srlnted, and so arranged that they can be referred to with the greatest ihcjlity, so that it cannot ok 
oubted that the^ wiU be genmrally appreciated and much yxseoL"— Mining Journal, 

Locom,otive Engine I>evelopment, 

THE LOCOMOTIVE ENGINE AND ITS DEVELOPMENT. 
A Popular Treatise on the Gradual Improvements made in Railway Engines 
between the Years 1803 and 1802. By Clement E. Stretton, C.E., Author 
of " Safe Railway Working,'* &c. Second Edition, Revised and much 
Enlarged. With 94 Illustrations. Crown 8vo, 35. 6d. cloth. [Just published, 

" Students of railway history and all who are interested in the evolution of the modem locomo* 
live will find much to attract and entertain in this volume."— TA* Times. 

" The volume cannot fail to be popular, because it contains, in a condensed and readable 
form, a great deal of Just the kind of information that multitudes of people -wanV^Eng^fteer. 

" The author of this work is well known to the railway world as one who has lone taken a 
great interest in everything pertaining thereto. No one probably has a better knowlec^e of the 
history and development of the locomotive. It is with much pleasure we welcome the volume 
before us ... . which, taken as a whole, is most interesting, and should be of value te all 
connected with the railway system of this country, as a book of reference."— iVa/wrr. 
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\OiUniii) GEARING : A Practical Har.dbook for Offices and 
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\ <t.Lwi«<>iiS dictionary of Me' 'ri'iic*! En^iReericg Teras*." &c. With 

*^| llliiMtidiioii^. Crown 8vo, fs. cl'/th. IJust published. 
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MECHANICAL ENGINEERING, etc. 



titone^working Machinery^ 

STONE-WORKING MACHINERY, and the Rapid and Economi- 
cal Conversion of Stone, With Hints on the Arrangement and Management 
of Stone Works. Bv M. Powis Balb, M.I.M.E. With lUusts. Crown ovo, 9^. 
"The book should be m the hands of erery tnasoa or student of ston»'WOtk."—CeU^ry 

Guardian, 

" A capital handbook for all who maiupulate stone for buUdlnf or ornamental purposes."-* 

Afachinery Marktt, 

Bump Construction and Management. 

PUMPS AND PUMPING : A Handbook for P urn f Users. Being 
Notes on Selection, Construction and Management. By M. Powis Balb. 
M.I.M.E., Author of ". Woodworking Machinery,'* " Saw Mills," &c. Second 
Edition, Revised. Crown 8vo, 2S. &/. cloth. \jfust pubiish/d. 

" The matter is set forth as concisely as possible. In fact, condensation rather than difTuseness 

has been the author's aim throughout; yet he does not seem to have omitted anything likely to be 

of use." — youmalqfGas Lighting. 

" Thoroughly practical and simply and clearly written." — Glasgow Herald. 

MiUing Machinery^ etc. 

MILLING MACHINES AND PROCESSES: A Pructical 
Treatise on Shaping Metals by Rotary Cutters, including Information on 
Making and Grinding the Cutters. By Paul N. Hasluck, Author of " Lathe- 
work,'^ •' Handybooks for Handicrafts," &c. With upwards of 300 Engrav- 
ings, including numerous Drawings by the Author. Large crown 8vo, 352 
pages, 125. 6d. cloth. 



A new departure in engineering literature. . . . We can recommend this work to all 
lilung machines ; it is what it professes to be — a practical treatise."— Ergineer, 
" A capital and reliable book, which will no doubt be of considerable service, uoth to those 



who are already acquainted with the process as well as to those who contemplate its adoption." — 

Inditsiries. 

Turning. 

LATHE'WORK : A Practical Treatise on the Tools, Appliances, 

and Processes empl(^ed in the Art of Turning. By Paul N. Hasluck. 

Fourth Edition, Revised and Enlarged. Cr. 8vo, 5s. cloth. 

" Written by a man who knows, not only how work ought to be done, but who also knows how 
to do i^ and how to convey his knowledge to others. To SU turners this book would be valuable.'' 
^Engituering. 

" We can safely recommend the work to jrotmg engineers. To the amateur it win sfanply be 
4i valuable. To the student it will convey a great aeal of usefol information."— ^^^^'cmmt. 

ScreW'Vutting. 

SCREW THREADS : And Methods of Producing Them. With 
Numerous Tables, and complete directions for using Screw-Cutting Lathes. 
Bv Paul N. Hasluck, Author of " Lathe- Work," etc. With Seventy-four 
Illustrations. Third Edition, Revised and Enlarged. Waistcoat-pocket size, 
IS. 6d. cloth. 
*' Full of useful information, hints and j)ractical criticism. Taps, dies and screwing-tools gene- 

rally are illustrated and their action described."— AfecAawtos/ fVorld.i 

" It is a complete compendium of all the details of the screw cuttmg lathe ; in fact a muUum 

in parvo on all the subjects it treats upon."— Carpenter and Builder. 

Smithes Tables for Mechanics, etc. 

TABLES, MEMORANDA, AND CALCULATED RESULTS, 
FOR MECHANICS, ENGINEERS, ARCHITECTS, BUILDERS, etc. 
Selected and Arranged by Francis Smith. Fifth Edition, thoroughly Revised 
and Enlarged, with a New Section of Electrical Tables, FoRuuLiB, and 
Memoranda. Waistcoat-pocket size, is. 6d. limp leather. 

" It would, perhaps, be as difficult to make a small pocket-boo^^c selection of notes and formnbB 
to suit ALL engineers as it would be to make a universal medicine ; but Mr. Smith's waistcoat* 
l>ocket collection may be looked upon as a successful attempt."— fw^'weer. 

"The best example we have ever seen of 270 pages of useful matter packed into the dimen* 
slons of a czxd-c»se."— Building News, " A veritable pocket treasury of knowledge."— /rMr* 

French-English Glossary for Engineers, etc. 

A POCKET GLOSSARY of TECHNICAL TERMS: ENGLISH- 
FRENCH, FRENCH-ENGLISH ; with Tables suitable for the Architectural, 
Engineering, Manufacturing and Nautical Professions. By John James 
Fletcher, Engineer and Surveyor. Second Edition, Revised and Eclarged, 
200 pp. Waistcoat-pocket size, is. 6d, limp leather. 
" It is a very great advantage for readers and correspondents in France and England fn have 
so lar >fe a number of the words relating to engineering and manufacturers collected in a lilip .tian 
volum ?. The little book will be useful both to students and tnytileis."— Architect. 

" The glossary of terms is very complete, and many of the tables are new and well arranged. 
We cordiafiy commend the \)oo\u—Meckanic»t Worla, 



8 CROSBY LOCK WOOD S^ SON*S CATALOGUE. 

Portable Engines. 

THE PORTABLE ENGINE; ITS CONSTRUCTION AND 
MANAGEMENT, A Practical Manual for Owners and Users of Steam 
Engines generally. By William Dyson Wansbrough. Witb 90 Illustra- 
tions. Crown 8vo, 3s. 6i. cloth. 
" This is a work of value to those who use steam machinery. ... * Should be read by every* 

one who has a steam engine, on a farm or elsewhere."— Afar^ Lant Express, 

*' We cordially commend this work to buyers and owners of steam engines, and to those who* 

have to do with their construction or use.**— 7«»«**r Trades yournaL 

" Such a general knowledge of the steam engine as Mr. wansbrough fbndShes to the reader 

should be acquired by all intelligent owners and others who use the steam tnffiait,''—BMildintr News. 
" An excellent text-book of this useful fonn of engin*. which desoibes with all necessary 

minuteness the details of the various devices. . . ' Th^ Hints to Purchasers ' contain a good deal of 

commonsense and practical wisdom. '—English Mechanic, 

Iron and SteeL 

" IRON AND STEEL " ; A Work for the Forge, Foundry, Factory^ 
and Office, Containing ready, useful, and trustworthy Information for Iron- 
masters and tneir Stock-takt rs ; Managers of Bar, Rail, Plate, and Sheet 
Rolling Mills : Iron and Metal Founders ; Iron Ship and Bridge Builders ; 
Mechanical, Mining, and Consulting Engineers ; Architects, Contractors, 
Builders, and Professional Draughtsmen. By Charlbs Hoars, Author of 
"The Slide Rule," &c. Eighth Edition, Revised throughout and considerably 
Enlarged. 32mo« 6s. leather. 

•* For comprehensiveness the book has not its equal." — Iron. 
" One of the best of the pocket books."— ^M^/irA Mechanic, 

** We c ^rdially recommend this book to those engaged in considering the detdls of all Unds o- 
iron and ste j1 works."— Aistw/ Scitnce, , 

Elementary Mechanics. 

CONDENSED MECHANICS, A Selection of Formulae. Rules, 
Tables, and Data for the Use of Engineering Students, Science Classes, &c. 
In Accordance with the Requirements of the Science and Art Department. 
By W. G. Crawford Hughes, A.M,I.C.E. Crown 8vo, as. 6d. cloth. 

" The book is well fitted for those who are either confronted with practical problems in thei' 
work, or are preparing for examination and wish to refresh their knowledge by gomg through their 
formulae again." — Marine Engineer. 

" It is well arranged, and well adapted to meet the wants of those for whom it is intended."— 
Railway News. 

Steam. 

THE SAFE USE OF STEAM. Containing Rules for Un- 
professional Steam-users. By an Engineer. Sixth Edition. Sewed, 6i. 

** If steam-users would but learn this little book by heart, boiler explosions would becom* 
sensations by their idsiXy."— English Mechanic, 

Warming. 

HEATING BY HOT WATER; with Information and Sug- 
gestions on the best Methods of Heating Public, Private and Horticultural 
Buildings. By Walter Jones. With upwards of 50 Illustrations. Crown 
8vo, 25. cloth. 

^' " We confidently recommend all interested in heating by hot water to secure a copy of this, 
valuable little treatise."— 77t< Plumber and Decorator, 



MECHANICAL ENGINEERING, etc. 



THE POPULAR WORKS OF MICHAEL REYNOLDS 
("Thb Enginb Driver's Fribno "). 

liOcofnotive'Engine Driving. 

LOCOMOTIVE'ENGINE DRIVING : A Practical Manual f op 
Engineers in charge of Locomotive Engines. By Michael Reynolds, Member 
of the Society of Engineers, formerly Locomotive Inspector L. B. and S. C. R. 
Eighth Edition. Including a Key to the Locomotive Engine. With Illaa- 
trations and Portrait of Author. Crown 8vo, 4s. 6d. cloth. 
''Mr. Reynolds has supplied a want; and has supplied it weQ. We can confidently recommend 

the book, not only to the practical driver, but to ereryone who takes an interest in the perfonnaace 

of locomotive cnmnes."— 7"** Engineer, 

" Mr. Reynolds has opened a new chapter In the literature of the day. This adndrable practica) 

treatise, of the practical utility of which we have to speak in terms of warm commendation."— 

AthenaHitu 

" Evidently the work of one who knows his subject thoroughly."— JSa^Avdry Servi^ CoMtUe. 
" Were the cautions and rules fi;iven in the book to become part of the every-day working oF 

oar en^rine-drivers, we mij^ht have fewer distressing: accidents to deplore."— NS^i0^nna». 

Stationary Engine Driving, 

STATIONARY ENGINE DRIVING : A Practical Manual for 
Enpneers in charge of Stationary Engines. By Michael Reynolds. Fourth 
Edition, Enlarged. With Plates and Woodcuts. Crown 8vo, 45. 6d. cloth. 
"The author is thoroughly acquainted with his subjects, and his advice on die various points- 
Created is clear and practiou. . . . He has produced a manual which is an exceedingly usefiiL 
one for the class for whom it is specially intended."— Enj^fueritif. 

*' Our author leaves no stone unturned. He is determined that his readers shall not only knotr 
something about the stationary engine, but all about it."— Enj^rteer. 

"An engineman who has mastered the contents of Mr.ReynoIds*sbook wHI require but little actual 
experience with boilers and engines before he can be trusted to look after ihexa."—En£lishii€chanU, 

The Engineer, Fireman, and Engine^Boy. 

THE MODEL LOCOMOTIVE ENGINEER, FIREMAN, and 
ENGINE-BOY. Comprising a Historical Notice of the Pioneer Locomotive 
Engines and their Inventors. By Michael Reynolds. With numerous Illus- 
trations and a fine Portrait of George Stephenson. Crown 8vo, 45. 6d. cloth. 
" From the technical knowledge of the author it will appeal to the railway man of to-day mor« 
for:ibly than anything written by Dr. Smiles. . . . The volume contains information of a tech* 
nical kind, and tacts that every driver should be familiar vrith."—Efi£/ish Mechanic. 

"We should be glad to see this book in the possession of everyone in the kingdom who has 
ever laid, or is to lay, hands on a locomotive engine."— /tmc 

Continuous Railway Brakes, 

CONTINUOUS RAILWAY BRAKES: A Practical TreaHse on^ 

the several Systems in Use in the United Kingdom; their Construction and 

Performance. With copious Illustrations and numerous Tables. ByMiCHAEX*. 

Reynolds. Large crown 8vo, gs. cloth. 

" A popular explanation of the different brakes. It will be of great assistance In forming pnbQo 
opinion, and will be studied with benefit by those who take an uterest in the brake."— fytfAirA* 
Mechanic. 

"Written with sufficient technical detail to enable the principle and relatlTe connectioii of ther 
var'ous parts of each particular brake to be readily gnspca,"~-MechaniaU H^ortd. 

Engine-Driving Life. 

ENGINE'DRIVING LIFE : Stirring Adventures and Incidents 
in the Lives of Locomotive-Engine Drivers, By Michael Reynolds. Second 
Edition, with Additional Chapters. Crown 8vo, 25. cloth. 

" From first to last perfectly &scinatmg. Wilkie Collins's most thrilling conceptions are thrown 
i ato the shade by true incidents, endless in their variety, related in every page."— ^0f«* British MailL 



" Anyone who wishes to get a real insight into railway life cannot do better than read * Engine- 
Driving Life' for himself ; and if he once take it up he will find that the author's enthusiasm and real 
1 -^ ve of the engine-driving profession will carry him on till he has read every page."— kSeAfnA^ JScvtInv. 

Bocket Companion for Enginemen. 

THE ENGINEMAN* S POCKET COMPANION AND PR AC- 
TICAL EDUCATOR FOR ENGINEMEN, BOILER ATTENDANTS^ 
AND MECHANICS. By Michael Reynolds. With Forty-five Illustra- 
tions and numerous Diagrams. Second Edition, Revised. Roysu z8mo, 3s. 64., 
strongly bound for pocket wear. 
" This admirable work is well suited to accomplish its object, bdng the honest worlcmanship or 

a competent engineer."— G/oJ^wrt/ Herald, 

" A most meritorious work, giving in a succinct and practical form all the Information an englne.- 

mi<ider desirous of mastering the scientific principles of his daily calling would require."— 77(£r 

Aft/&r. 

" A boon to those who are striving to become efficient mechanics."— i>aASy Chronide* 



lo CROSBY LOCKWOOD * SOtlS CATALOGUE. 

CIVIL BMGIMBE BINQ, BUR VBYIWQ, etc 

UR.HUMBER'S VALUABLE ENBINEEftlNQ BOOKS. 
t%e Water Supply of Cities and Towns. 

A COMPREHENSIVE TREATISE on thi WATER-SUPPLY 
OF CITIES AND TOWfiS. By William Muuber, A.M.lnstC.E., and 
M. Inat. U.£.. Aalboc of " Cbm and Wianght Iron Brides Coailrnction," 
&c. &c. tllusirated with jg Double Pines, i Sisgle Plate, Colanrsd 
Ptonlispiece, and apwards of »so Woodcuts, and conlBining 400 pages of 
Teit. Imp. 4I0, £6 it. alcguilly and substandall) balf-bound jii mococco. 
Luta/Canlinl 




Cast and Wrought Iron Bridge Construction. 

A COMPLETE AND PRACTICAL TREATISE ON CAST 
AND WROUGHT IROS BRIDGE CONSTRUCTION, iHclading Irm 
Foundalioni. In Three Parts— Theoretical, Praelicil,»nd Deaciiptive. Bt 
WiLLi*i! HuuBER, A.M.EdsLC.E., jmd M.lnstM.E. Third EditioB, Re- 
visad arxd ui^th improved, with 115 Double Plates (ao ci irbich now firat 
■ppear ia tbiseditioDl.BadnniaerDiis Addicion) (othsTut. Id Two Vol*., 
imp. 4tD, £G iGi. Gi. balf-bonnd in moiacco, 



Straing, Calculation of. 

A HANDY SOOK FOB THE CALCULATION OF STRAINS 

IN GIRDERS AND SIMlLARSTRUCTVRES,ANDTaEIRSTRBNGTH. 
Consisiingof Formulieand Correspcnding Diaetams, with ouroetous details 
for FrBclical Application, &c. By Willi*u HiiMDaB. A-M,Insl.C.B., Ac. 
Fi«h Edition. -Crown Svo. nearly i" "'--' ' - ■"-—-- " -■ ■■ 



" We hunsy onuHiid ibu itiuy it' 






Barlou)'s8trengthofMaterials,enlargedlyyHumber. 

A TREATISE ON THE STRENGTH OF MATERIALS; 

with Rules tat Application in Architecture, ths Conitroction of Sospension 
Biidees. Railways, Ac. By Petih Baslow, F.R.S, A New Edition, revised 
by hTs Sons, P, W, B*RLow, P.R.S., and W. H, Barlow, F.R.S. ; 10 which 
are added, Eiperiments by Hodgsinsdm, Faihbairn, and KiaiuLDY; »nd 
FDrtnuIn (or Calcnlatiag Girders, &c. Arranged and Edited by Wu. Huusii, 






CIVIL ENGINEERING. SURVEYING, itc. 
UH. HUMBEH'S GREAT WORK OH MODERN EHQIHEERIHB. 

Complele in Foul Volumes, Impeiial fto, pries fit in., halC-niDrocco, Eu 
Volume sold sepUBlei; ae tallows :~ 
A RECORD OF THE PROGRESS OF MODERN ENGINEER- 
ING. PiBST Sebieb. Comprising Civil, Mechanii 

Railway, Bridge, and olhci Engineering Works, ftc. 



I'll, Mechanical, Marina, Hidri 
By William Hoi 






(■ plitnli Scuthporl Pierji fMaj; VlcUiria dfOt]; Aimoui Tiatai Sui} 
EaUoa and Roof. L. C, & □, and C. W- IL {A TluimBj4 pUio); The AIJc 
OTW G. N- Rallwiy ; Roof cf Sbttool Dutdi UtnT(J[£lai>, 

HUMBERTS PROGRESS OP MODERN ENGINEERING. 

SicoHD SmiES. Imp.jlo, oilh tS Double Plates, Photograpbic Poiiralt of 
Robert SlephEDSnn, C.E,, M.P., F.B.S., So., dud eopioui descripd™ LstlBt- 
preu, Specifications, Ac, £3 31. half-morocco. 

List 0/ th£ Plaitt and Diaemm. 



MbiI^, 



BiaJTSSl'vi.iiuaEISSt R 






HUUSER'S PROGRESS OF MODERN ENGINEERING. 

Thikd ScntES. Imp. 4I0, with 40 Doubla Plate*, Fbolo^jihlc Portrait at 

i, R. M'Clean, late Pres. lost. C.B., and Cofdooi dssecipuve Lettaipreu, 
peciBcatioot, &c., £3 s>, balf-moroceo. 

Lilt ef Ihi Pluta and Diagrams. 

" ' iiraiOR.MaTRoroi.is— ftirf* If^-"' 






"^ilS, 







HUMBER'S PROGRESS OF MODERN ENGINEERING. 

Fourth SiaiES. Imp. 4(0, witb 36 Doubls Plates, Ftaolographic Portrait of 
JobD Fowler, laie Pres. lost. C.E., and copioai descriptive Latleipresa, 
SpedficaUons, Ac, £3 3'- half-morocco. 

Liil 0/ tlu Plata and Diagnuit. 



•n MMnpoBi (7^!% ; Bhidh Dock! Is 
[4kai}E Vanqiiit vliduct, Suuii^ uKt Vfj: 
S!!i|st. HbI^^ &I111 ^ny % l>>>'«l I 
R>Dinw{3platH)7KDHtBridg:aonr(t«RlRf 
Hoks |« plUel) i T«]ecr«ptik Appvalui for 

Mr. Hmnber. Tba icouncr wd geKrat vc^cdi^q of ^_^woilcajh 



Hldlmd Rallwu (t plUH) ; St. CtiMini 
Allele ComnU Bdlnir It pllttd: Wim 
IioaCjllndBeitDlvUlWD7uKmlI Di 
WiilM<M.: vaivft rnin Eianior: Mi 



la CROSBY LOCKWOOD S' SOS'S CATALOGUR. 



GRAPHIC ASD ASALYTIC STATICS, m tMa^PnOkml 
ishtmUtlu Trndwumtef . 

' 5 t nffmi c u Bridfo^ Brmud tnm A rcl 




BraetUal MaHhemaUes. 

MATHEMATICS FOR PRACTICAL MEN: Being aiCoittinGD. 
place Book of Pore aad Mixed MaSbematics. Desicned chieAr tar t^ a^ 
€4 Ctril Eofinecn, Aidutecu and S or y ey ora. By Olzxthcs Gi 
LL,D^ F.RJLS^ Eolarttd by Hkbkt Law, C.£. 4th Edkioo. c 
Rerited by j. R. Yoc%a,Jormtrlj Pr o fca a o r ot Martiwnari c s , BctfMt 
Wiib X3 Pbttee. aro, iCx u- cloth. 

' TW CHciowr or atcUlect «fl h«yc fad radf to kfe 1 
inr that aa^ ariw is h« pfacticcL nende 
rftkk cvciy flep o<^ the fwoccM » dcsriy mirik c d 1 
" CHM of tkc »<MC Mri4wat4c books for M^^al ) 
> awl a toxt'4>ooiE for ftm wlio^ BzvlBg^ o> 




HydrauUe Tahies» 

HYDRAULIC TABLES, COEPPICIENTS.mU PORMULM 
for findmf the Discharge 0/ fVaUr/roM Orifices^ NoUka, Wtin,PiH»B ••< 
Rivers, With New Fomraue, TaUet, and General Infionnatioo on FmfiiW| 
Catcbment-Baaint, Drainage, Sewerage Water Supply for Towns aad Mai 
Power, By Johm Nktxlle, Civil Engineer, M.R.LA. Third Bd^ < 
Revised, with considerable Additions. Nomeroos lUosts. Cr. Svo^ X4s. < 

" Alike rahtable to fdidettts and c agineef* b practice ; its study win preveot Ike 
•voidable fiaiiures, and assist tliem to select the readiest a^ans of sarressfallj 
ffirea vorlc coaii«cted with InrdratUfc eagineeriiiiE.''— ifiMkf youmal. 

" It is, of all Eogtlsh books 00 the sufctKct, the one nearest to completeneab 
good arraagenient of the matter, the dear explanations, and abundance of fioti 
fatnff**T^ tables, and, abore all, the thoroogh acquaintance with both theory 
which is displayed from int to laiit, tlis book will be foand to be an acqnisitiaa.' 




HydrauUes. 

HYDRA ULIC MANUAL. Consistiog of Working Tables and 

Explanatory Text Intended as a Guide in Hydratilic Calculations and Firid 

Operations. By Lewis D'A^ACXSOif, Author of "Aid to Survey Practtce,** 

'MModern Metrology," Ac. FourtbJEdition, Enlarged. Large cr. 8vo, z6s. ck 

" The author has had a wide experience in hydraulic engineering and has been » car eftil ob* 

server of the facts which have come under his notice, and from the great mass of material at his 

command he has constructed a manual which may be accepted as a trustworthy guide to this 



:h may be accepted as a trust worthv ] 
heartily recommend tiiis vohunc to aO v 



branch of the engineer's profession. We can heartfly recommend tids volume to all wlu> desire to 
be acquainted with the latest development of this impwtant sa\>iecx."—Enginuritig. 

" The standard-wofk in this derartment of laecYizaia,"— Scotsman. 

"The most useful feature of this work is its freedom from trfiat is soperannnated, and its 
thorough adoption of recent experiments; the text Is, ia fiict; in great part n short aocoont of th« 
great modem experiments."— A'o/lwrr. 

DraifMige* 

ON THE DRAINAGE OP LANDS, TOWNS, AND BUILD^ 
INGS. By G. D. Dempsby, C.E.. Author of <'The Practical Railway En- 

fineer," ac. Revised, with laree Additions on Recent Practice in 
>RAiNAOE Emoinberino, by D. KiNNBAR Clark, M.IuslC.E. Author of 
"Tramways: Their Construction and Working," '*A Manual of Rules, 
Tables, and Data for Mechanical Engineers,*' Ac. Second Edition, Cor- 
rected. Fcap. 8vo, 5s. cloth. 

" The new matter added to Mr. Dempsey's excellent work Is characterised by the comprehen- 
sive grasp and accuracy of detail for which the name of Mr. D. K. Clark is a sufficient voucher."— 
AthtMmum. 

" As a work on recent practice In drainage engineering, the book Is to be commended to an 
who are making that branch of engineering science their special study."— /ro». 

" A comprehensive manual on drainage engineering, and a useful introduction to the student." 
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Water Storage, Conveyance, and Utilisation. 

WA TER ENGINEERING : A Practical Treatise on the Measure- 
ment, Storage, Conveyance, and Utilisation of Water for the Supply of Towns, 
for Mill Power, and for other Purposes. By Charles Slagg, Water and 
Drainage Engineer, A.M.Inst.C.E., Author of " Sanitary Work in the Smaller 
Towns, and in Villages," &c. With numerous lUusts. Cr. 8vo. ys. 6d, cloth. 

" As a small practical treatise on the water sapply of towns, and on some applications of 
water-power, the work is in many respects excellent.' —Engineering: 

** The author has collated the results deduced from the experiments of the most eminent 
authorities, and has presented them in a compact and practical form, accompanied by very clear 
and detailed explanations. . . . The apphcation of water as a motive power is treated very 
carefully and exnaustively."— 5«i/rf*r. 

"For anyone who desires to begin the stud^ of hydraulics with a consideratioa of the practical 
applications of the science there is no better gaid!b."— Architect, 

River Engineering. 

RIVER BARS: The Causes of their Formation, and their Treat- 
ment by " Induced Tided Scour; " with a Description of the Successful Re- 
duction bv this Method of the Bar at Dublin. By I. J. Mann, Assist. Eng. 
to the Dublin Port and Docks Board. Royal 8vo, ys. 6a. cloth. 
" We recommend all interested in harbour works— and, indeed, those concerned in the im« 

provements of rivers generally— to read Mr. Mann's interesting worlc on the treatment of river 

bats."-'£n£ineer, 

jSTrusses 

TRUSSES OF WOOD AND IRON. Practical Applications of 
Science in Determining the Stresses, Breaking Weights, Safe LoadStScantlings, 
and Details of Construction, with Complete Working Drawings. By William 
Griffiths, Surveyor, Assistant Master, Tranmere School of Science and 
Art. Oblong 8vo, 45. 6d. cloth. 

" This handy little book enters so minutely into every detail connected with the construction of 
jroof trusses, that no student need be ignorant of these matters."— /VacT&a/ Engituer» 

Railway Working, 

SAFE RAILWAY WORKING, A Treatise on Railway Acci- 
dents: Their Cause and Prevention; with a Description of Modem Appliarices 
and Systems. By Clement E. Strbtton, C.E., Vice-President and Con- 
sulting Engineer, Amalgamated Society of Railway Servants. With Illus- 
trations and Coloured Plates. Third Edition, Enlarged. Crown Svo, 3s. 6^. 
cloth. 

" A book for the engineer, the directors, the managers ; and, in short, all who wish for informa- 
tion on railway matters will find a perfect encyclopaedia in ' Safe Railway Working.' "^•JRaiiwqy 
HexHew, 

" We commend the remarks on railway signalling to all railway managers, especially where a 
•uniform code and practice is advocated."— //If r<r/a/A'j Railway youmaL 

" The author may be congratulated on havi^ collected, in a very convenient form, much 
valuable information on the prmcipai questions affecting the safe working of railways."— ^ai/. 
•way Engineer. 

Oblique Bridges. 

A PRACTICAL AND THEORETICAL ESSAY ON OBLIQUE 
BRIDGES. With 13 large Plates. By the late Gborge Watson Buck, 
M.I.C.E. Third Edition, revised by his Son, J. H. Watson Buck, M.I.C.E. ; 
and with the addition of Description to Diagrams for Facilitating the Con- 
struction of Oblique Bridges, by W. H. Barlow, M.I.CB. Royal Svo, zas« 
cloth. 

" The standard text-book for all engineers regarding skew arches is Mr. Buck's treatise, and it 
would be impossible to consult a "better.— Engineer. 

"Mr. Buck's treatise is recognised as a standard text-book, and Us treatment has divested tile 
subject of many of the intricacies supposed to belong to it. As a guide to the engineer and archi< 
tect, on a confessedly difficult subject, Mr. Buck's work is uasw[pasaed,"—BitildiMig' News, 

Tunnel Shafts. 

THE CONSTRUCTION OF LARGE TUNNEL SHAFTS: A 
Practical and Theoretical Essay. By J. H. Watson Buck, M.InstC.E., 
Resident Engineer, London and North-western Railway. Illustrated with 
Folding Plates. Royal Svo, 125. cloth, 

" Many of the methods given are of extreme practical value to the mason ; and the observations 

tm the form of arch, the rules for ordering the stone, and the construction of the templates will be 

found of considerable use. We commend the book to the engineering ptofessioa."— Buildings News, 

" Will be r^^arded by civil engineers as of the utmost vahie, and calculated to sare much time 

-and obviate many mistakes."— Colliery Guardiem, 
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Student's Text-Book on Surveying. 

PRACTICAL SURVEYING : A Text-Book for Students pre- 




" The best forms of instruments are described as to their construction, uses and modes of 
emplojrment, and there are innumerable hints on work and equipment such as the author, in his 
experience as surveyor, draus^htsman, and teacher, has found necessary, and which the student 
In ok inexperience will find most senriccable."— iTN^'n^^r. 

" The latest treatise in the Enelish language on surveying, and we have no hesitation In say* 

Ing that the student will find It a better guide than any of its predecessors 

Deserves to be recognised as the first book which should be put in the nands of a pupn of Civil 
Engineering, and every gentleman of education who sets out for the Colonies would find it w^ to 
have a co^y."— Architect. 

Survey Bractice. 

AID TO SURVEY PRACTICE, for Refefcnce in Surveyings LeveU 

ling, and Setting-out ; and in Route Surveys of Travellers by Land and Sea. 

With Tables, lUustrations, and Records. By Lowis D'A. Jackson* 

A.M.I.C.E., Author of " Hydraulic Manual," "Modern Metrology," ftc. 

Second Edition, Enlarged. Large crown 8vo, X25. 6d. cloth. 

" Mr. Jackson has produced a valuable vaeU'tuecum for the surveyor. We can tecommend 
this book as containing an admirable supplement to the teaching of the accomplished sunreyor."-- 
At^efututH, 

" As a text-book we should advise all survejrors to place It In their libraries, and study well tli* 
' matured instructions afforded in its pages."— CeUierv GuanHan. 

" The author brings to his work a fortunate union of theory and practical experience iriiich» 
aided by a clear and ludd style of writing, tenders the book a very useiul oaa,"— Builder, 

Surveying, Land and Marine. 

LAND AND MARINE 5^7? 7£y/NG, in Reference to the Pre- 

furation of Plans for Roads and Railways ; Canals, Rivers, Towns' Water 
upplies; Docks and Harbours. With Description and Use of Surveying 
Instruments. By W. D. Haskoll, C.E., Author of " Bridge and Viaduct Con- 
struction,*' &c. Second Edition, Revised, with Additions. Large cr.8vo,9S. cL 



" This book must prove of great value to the student. We have no hesitation in recommend* 

it, feeling assured that it will more than repay a careful stady. "—MechaniccU World. 

" A most useful and well arranged book for the aid of a student. We can strongly recommend 



it as a card(iilly-wnttea and valuabw textbook. It enjoys a well-deserved repute among surveyors. 
—BuiUUer. 

" This volume cannot fail to prove of the utmost practical utility. It may be safdy recommended 
to an students who aspire to become dean and expert surveyors."— il/tntV;^ Journal, 

Field-Booh for Engineers, 

THE ENGINEER'S, MINING SURVEYOR'S, AND CON- 
TRA CTOR'S FIELD-BOOK. Consisting of a Series of Tables, with Rules. 
Explanations of Systems, and use of Theodolite for Traverse Surveying and 
Plotting the Work with minute accuracy by means of Straight Edge and Set 
Square only ; Levelling with the Theodolite, Casting-out and Reducing 
Levels to Datum, and Plotting Sections in the ordinary manner ; setting-out 
Curves with the Theodolite by Tangential Angles and Multiples, with Right 
and Left-hand Readings of the Instrument: Setting-out Curves without 
Theodolite, on the System of Tangential Angles by sets of Tangents and Off- 
sets : and Earthwork Tables to So feet deep, calculated for every 6 inches in 
deptn. By W. Davis Haskoll, C.E. With numerous Woodcuts. Fourth 
Edition, Enlarged. Crown 8vo, i2s. cloth. 

"The book is very nandy ; the separate tables of sines and tangents to every minute will make 

it useful for many other purposes, the genuhie traverse tables existing all the saxDit."—AtM€tutum, 

"Every person engaged in engineering field operations will estimate the importance of sach a 

work and the amount of valuable time which will be saved by reference to a set of reliable tables 

prepared with the accuracy and fulness of those given in this volume."— iSatfmiiy Newt, 

Levelling. 

A TREATISE ON THE PRINCIPLES AND PRACTICE OP 
LEVELLING, Showing its Application to purposes of Railway and CivU 
Engineering, in the Construction of Roads ; with Mr. Telford's Rules for the 
same. By Frederick W. Siiims, F.G.S., M.Inst.C.E. Seventh Edition, with 
the addition of Law's Practical Examples for Setting-out Railway Curves, and 
Trautwinb*s Field Practice of Laymg-out Circular Curves, with y Plates 
and numerous I Woodcuts. 8vo, 85.64. cloth. %* Trautwine on Curves 
may be had separate, 55. 

" The text-book on levelling in most of onr engineering schools and coneges."— £ M^rAvMr. 
** The publishers have rendered a substantial service to Uie profession. espedaUy to the younger 
members, by bringing out the present edition of Mr. Simms's useful work."— ^M£AM»rf«r. 
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Trigonometrical Surveying, 

AN OUTLINE OP THE METHOD OP CONDUCTING A 

TRIGONOMETRICAL SURVEY, for the Formation of Geographical and 
Topographical Maps and Plans, Military Reconnaissance, Levelling, &c,, with 
Usehil Problems, Formula, and Tables. By Lieut.-General Fromb, R.E. 
Fourth Edition, Revised and partly Re- written oy Major General Sir Charlbs 
Warrbn, G.C.M.G.,R.B. With 19 Plates and 115 Woodcuts. Royal 8vo, z6s. 
cloth. 

"The simple &ct tiiat a fourth edition has been called fbr Is the best testimony to Its merits. 
No words of praise from us can strengthen the position so weD and so steadily maintained by this 
work. Sir Charles Warren has revised the entire work, and made such additions as were necessary 
to bring every portion of the contents up to the present da:^,"— -Broad Arrow, 

Field Fortification* 

A TREATISE ON FIELD FORTIFICATION, THE ATTACK 
OF FORTRESSES, MILITARY MINING, AND RECONNOITRING. By 
Colonel I. S. Macaulay, late Professor of Fortification in the R.M.A.y Wool- 
wich. Sixth Edition. Crown 8vo, with separate Atlas of X2 Plates, its* cloth. 

Tunnelling. 

PR A CTICA L TUNNELLING. Explaining in detail the Setting. 
ont of the works, Shaft-sinkingand Heading-driving, Ranging the Lines and 
Levelling underground, Sub-Excavating, Timbering, ana the Construction 
of the Brickwork of Tunnels, with the amount of Labour required for, and the 
Cost of, the various portions of the work. Bv Frederick w. Sim iis, P.G.S., 
M.Inst.C.E. Third Edition, Revised and extended by D. Kinnear Clark, 
M.Inst. C.E. Imperial 8vo, with 2x Folding Plates and numerous Wood 
Engravings, 30s. cloth. 

" The estimation in which Mr. Sfanms's txwk on tunneffinff has been held for vrer thirty years 
cannot bemoretrulyexpressedthaninthewordsofthe late Prof. Rankine:— 'The best source of in- 
formation on the subject of tunnels b Mr.F.W.Simms'swcrk on Practical Tnnnelting."'— Architect, 

" It has been re;;arded from the first as a text-book of the subject. . . . Mr. Clark has addod 

immensely to the value of the book." — Engineer, 

Tramways and their Working. 

TRAMWAYS: THEIR CONSTRUCTION AND WORKING. 
Embracing a Comprehensive History of tbe System: with an exhaustive 
Analysis of the various Modes of Traction, including Horse-Power, Steam, 
Compressed Air, Electric Traction, &c.; a Description of the Varieties of Roll- 
ing Stock ; and ample Details of Cost and Working Expenses. New Edition, 
Thoroughly Revised, and Including the Progress recently made in Tramway 
Construction, &c. &c. By D. Kinnear Clark, M.Inst.C.E. With numerous 
Illnstrations. In One Volume, 8vo. [/» preparation. 

" AU interested in tramways must refer to it, as all railway engineers have toned to the author's 
work ' Railway Machinery.'"— fM^»/er. 

" An exhaustive and practical work on tramways, in which the history^ this Und of locomo> 
tlon, and a descr^tion and cost of the various modes of laying tramways, are to be foand."^ 
Suiidinfr News. 

" The best form of rails, the best mode of construction, and the best mechanical I4>pllances 
are so fairly indicated in the work under review, that any engineer about to construct a tramway 
will be enabled at once to obtain the practical information which will be of most service to him."-.- 
AthenoHm, 

Curves^ Tables for Setting-out* 

TABLES OF TANGENTIAL ANGLES AND MULTIPLES 
for Setting'Out Curves from 5 to 200 Radius, By Alexander Bbaxelby, 
M.Inst.C.B. Fourth Edition. Printed on 48 Cards, and sold in a cloth box, 
waistcoat-pocket size, 3s. 6d. 
" Each table is printed on a small card, which, being placed on the theodolite, leaves the hands 

free to manipulate tne instrument— no small advantage as regards the rapidity o{-9otk."—JBf$£iMeer. 
"Very bandy ; a man may know that all his day's work must fall on two of these cards, iHiicb 

he puts into his own card-case, and leaves the rest behind."— ^Mcmtwim, 

Earthwork* 

EARTHWORK TABLES. Showing the Contents in Cubic 
Yards of Embankments, Cuttings, &c., of Heights or Depths up to an 
average of 80 feet. By Joseph Broadbent, C.E., and Francis Campin, C.E. 
Crown 8vo, 55. cloth. 

" The way in which accuracy is attained, by a simple division of each cross section into three 
elements, two in which are constant and one variable, is ingenious."— A tAenacum, 
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Heat, Expansion hy. 

EXPANSION OF STRUCTURES BY HEAT. By John 
Kbily, C.E., late of the ludiah Public Works and Victorian Railway Depart- 
ments. Crown 8vo, 33. 6d. cloth. 

SuBckARY OF Contents. 
Section I. FbRiiuLAS and DAtA. Section VI. Mbcranical Forcb of 

Section II. Metal Bars. Heat. 

Section III. Simple Frames. Section VII. Work op Expansion 

•Section IV. Complex Frames and and Contraction. 

Plates. Section VIII. Suspension Bridges. 

Section V. Thermal Conductivity. Section IX. Masonry Structures. 

" The aim the author has set before him, viz., to show the effects of heat upon metallic aad 
other structures, is a laudable one, for this is a branch of physics upon which the engineer or archi- 
lect can find but little reliable and comprehensive data in books." — Builder. 

" Whoever is concerned to know the effect of changes of temperature on such structures as 
jBuspension bridges and the like, could not do better than consult Mr. Kelly's valuable and handp 
exposition of tne geometrical principles involved in these changes."— Seu/fman. 

Earthworkf Measuranent of. 

A MANUAL ON EARTHWORK, By Alex. J. S. Graham, 

C.E. With numerous Diagrams. Second Edition. z8mo, 2s. 6d, cloth. 

"A great amount of practical information, very admirably arranged, and available for rough 
estimates, as well as for the more exact calculations required in the engineer's and contractor's 

Strains in Ironwork* 

THE STRAINS ON STRUCTURES OF IRONWORK: with 
Practical Remarks on Iron Construction. By F. W. Sheilds, M.Inst.C.B. 
Second Edition, with 5 Plates. Royal 8vo, 55. cloth. 
The student cannot find a better little book on this sa\4ecL"—£n£inur, 

Cast Iron and other Metals, Strength o/* 

A PRACTICAL ESSAY ON THE STRENGTH OF CAST 
IRON AND OTHER METALS. By Thomas Tredgold, C.E. Fifth 
Edition, including Hoogkinson's Experimental Researches. 8vo, 12s, cloth. 

Oblique Arches. 

A PRACTICAL TREATISE ON THE CONSTRUCTION OF 

OBLIQUE ARCHES. By John Hart. Third Edition, with Plates. Im- 
perial Bvo, 8s. cloth. 

€Hrders, Strength of. 

GRAPHIC TABLE FOR FACILITATING THE COMPUTA 
TION OF THE WEIGHTS OF WROUGHT IRON AND STEEL 
OIRDERS, etc., for Parliamentary and other Estimates. By I. H. Watsom 
BucE, M.Inst.C.E. On a Sheet, zs.dd. 
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MARINE ENGINEERINQ, BHIPBXnLDINQ, 

N AVIQATION. e tc. 

Bocket'BooTcfor Naval Architects and Shipbuilders^ 

THE NAVAL ARCHITECT'S AND SHIPBUILDER'S 
POCKET-BOOK of Formula, Rules, and Tables, and MA RINE ENGINEER*S 
AND SURVEYOR'S Handy Book of Reference. By Clemen t Mackrow, 
Member of the Institution of Naval Architects, Naval Draughtsman. Fifth 
Edition, Revised and Enlarged to 700 pages, with upwards of 300 Illustra- 
tions. Fcap., lis, 6d, strongl} bound in leather^ Ui*si published. 

Summary of Contents. 



Signs and Symbols, Decimal Frac- 
tions. — Trigonometry. — Practical 
Geometry. — Mensuration. — Cen- 
tres AND Moments of Figures.— 
Moments of Inertia and Radii of 
Gyration. — Algebraical Expres- 
sions FOR Simpson's Rules. — Me- 
chanical Principles. — Centre of 
Gravity. — Laws of Motion.— Dis- 
placement, Centre of Buoyancy.— 
Centre of Gravity of Ship's Hull. 
— Stability Curves and Metacen- 
TRES. — Sea and Shallow-water 
Waves.— Rolling of Ships. — Pro- 
pulsion and Resistance of Vessels. 
— Speed Trials.— Sailing, Centre 
of Effort.— Distances down Rivers, 
Coast Lines. — Steering and Rud- 
ders OF Vessels. — Launching Cal- 
culations AND Velocities.— Weight 
OF Material and Gear. — Gun Par- 
ticulars AND Weight. — Standard 
Gauges. — Riveted Joints and Rivet- 
ing.— Strength AND Tests of Mate- 
rials. — Binding and Shearing 
Stresses, etc. — Strength of Shaft- 
ing, Pillars, Wheels, etc. — Hy- 
draulic Data, ETC. — Conic Sections, 
Catenarian Curves. — Mechanical 
Powers, Work. — Board of Trade 
Regulations for Boilers and En- 
gines. — Board of Tkade Regula- 
tions FOR Ships.— Lloyd's Rules 



FOR Boilers.— Lloyd's Weight of 
Chains.— Lloyd s Scantlings for 
Ships.— Data of Engines and Ves- 
sels. - Ships' Fittings and Tests. — 
Seasoning Preserving Timber. — 
Measurement of Timber. — Alloys, 
Paints, Varnishes. — Data for 
Stowage. — Admiralty Transport 
Regulations. — Rules ?or Horse- 
power, Screw Propellers, etc.— 
Percentages for Butt Straps, etc. 
— Particulars of Yachts.— Masting 
AND Rigging Vessels.— Distances 
OF Foreign Ports. — Tonnage 
Tables. — Vocabulary of French 
AND English Terms. — English 
Weights and Measures. — Foreign 
Weights and Measures. — Decimal 
Equivalents. — Foreign Money. — 
Discount and Wage Tables.— Use- 
ful Numbers and Ready Reckoners 
— Tables of Circular Measures.— 
Tables of Areas of and Circum- 
ferences of Circles. — Tables of 
Areas of Segments of Circles.— 
Tables of Squares and Cubes and 
Roots of Numbers. — Tables of 
Logarithms of Numbers. — Tables 
OF HyperbolicLogarithms. — Tables 
OF Natural Sines, Tangents, etc. — 
Tables of Logarithmic Sines, 
Tangents, etc. 



" In these days of advanced knowledge a work like this is of the greatest value. It contains a 
vast amount of information. We unhesitatingly say that it is the most valuable compilation for its 
specific purpose that has ever been printed. No naval architect, engineer, surveyor, or seainan. 



wood or iron shipbuilder, can afford to be without this \fOT\i."~-Nautical Magazine. 



Win 



'Should be used by all who are engaged in the construction or designs~of vessels, 
be found to contain the most useful tables and formulae required by shipbuilders, carefully collected 
from the best authorities, and put together in a popular and simple form."— f m^^ ^mmt. 

"The professional shipbuilder has now, in a convenient and accessible form, reliable data for 
solving many of the numerous problems that present themselves in the course of his work."— /ro». 

Marine Engineering. 

MARINE ENGINES AND STEAM VESSELS (A Treatise 
on). By Robert Murray, C.E. Eighth Edition, thoroughly Revised, with 
considerable Additions by the Author and by George Carlisle, C.E., 
Senior Surveyor to the Board of Trade at Liverpool, izmo, 5s. cloth boards. 

" WeU adapted to give the young steamship engineer or marine engine and boiler maker a 
general Introduction into his practical work."— Afechanica/ JV0rld, 

' * We feel sure that this thoroughly revised edition will continue to be as popular In the future 
as it has been in the past, as, for its size, it contains more useful information than any similar 
tx^itiat." —Industries, 

Electric Lighting of Ships. 

ELECTRIC SHIP-LIGHTING. By J. W. Urquhart, C.E. 
Crown 8vo, 7s, 6d. cloth. For full description, see p 24. 

c 
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Bocket'Boolc for Marine Engineers. 

A POCKET-BOOK OF USEFUL TABLES AND FOR- 
MULjB for marine engineers. By Frank Proctor, A.I.N.A. 
Third Edition. Royal 32mo, leather, gilt edges, with strap, 4s. 

"We recommend it to our readers as groins: far to supply a loi^-feh want."— -Naval Stignct, 
" A most useful companion to all marine ensrineers."— United Servict GoMetU, 

Introduction to Marine Engineering. 

ELEMENTARY ENGINEERING : A Manual for Young Marine 
Engineers and Apprentices, In the Form of Questions and Answers on 
Metals, Alloys, Strength of Materials, Construction and Management oi 
Marine Engines and Boilers, Geometry, &c. fee. With an Appendix of Useful 
Tables. By John Sherren Brewer, Government Marine Surveyor, Hong- 
kong. Second Edition, Revised. Small crown 8vo, 2S. clotb* 

" Contains much valuable information for the class for whom it is Intended, especially in the 
chapters on the manaf^fement of boilers and eng'nes."— Nautical /Ifajg^ariiu, 

" A useful introduction to the more elaborate text-books."— Scv/jmon. 

" To a student who has the requisite desire and nsaiv^ to attain a thoroas^h knowledfe, Mr. 
Brewer offers decidedly useful help/'—Athenaunu 

Navigation. 

PRACTICAL NAVIGATION. Consisting of Thb Sailor*? 
Sea-Book, by James Greenwood and W. H. Rossbr* together with the 
requisite Mathematical and Nautical Tables for the Working of the Problems, 
by Henry Law, C.E., and Professor J. R. Young. Illustrated, zzmo, ys. 
strongly half-bound. 

Drawing for Marine Engineers, 

LOCKIE'S MARINE ENGINEER'S DRAWING -BOOK. 
Adapted to the Requirements of the Board of Trade Examinations. By 
JoHS LocKiE, C.E. With 22 Plates, Drawn to Scale. Roval 8vo, 3s. 6a. 
cloth. [Just published, 

" The student who learns from these drawing will have nothingf to unlearn." — Eng-ineer. 
" The examples chosen are essentially practical, and are such as should prove of service to 
engfinccrs generally, while admirably fulfUhn^ their specific purpose."— ^/^cAawi^/ fforld. 

Sdilniaking, 

THE ART AND SCIENCE OF SAILMAKING, By Samuel 
B. Sadler, Practical Sailmaker, late in the employment of Messrs. Ramsey 
and Lapthorne, of Cowes and Gosport. With Plates and other Illustrations. 
Small 4to, 12s, 6d. cloth. \Just publuhed. 

Summary of Contents. 
Chap. I. The Materials used and 



—VI. On Allowances.— VII. Calcu- 
lation OF Gores.— VIII. On Cutting 
Out.— IX. On Roping.— X. On Dia- 
gonal-Cut Sails. — XI. Concluding 
Remarks. 



THEIR Relation to Sails. — II. On 
the Centre- of Effort.— III. On 
Measuring.— IV. On Drawing. — V. 
On the Number of Cloths required. 

" Th's work is very ably written, and is illustrated by diagrams and carefully- worked calcula- 
tions. The work should be in ths hands of every sailmaker, whether employer or employed, as it 
cannot fa'l to assist them in the pursuit of their important avocations." — I sU of Wight Herald. 

" This extremely pmctic il work gives a complete education in all the branches of the manu. 
facture, cutting out, roping, seaming, and goring. It is copiously illustrated, and will form a first- 
rate text-book ard guide." — Portsmouth Times. 

The au:hor of this work has rendered a distinct service to all interested in the art of sail- 



making. The subject of which he treats is a congenial one. Mr. Sadler is a practical sailmaker, 
and has devoted years of careful observation and study to the subject ; and the results of the 
«xpericncc thus gained he has set forth in the volume before \x%."'—Steamshi/, 

Chain Cables. 

CHAIN CABLES AND CHAINS. Comprising Sizes and 
Curves of Links, Studs, &c., Iron for Cables and Chains, Chain Cable and 
Chain Making, Forming and Welding Links, Strength of Cables and Chains, 
Certificates for Cables, Marking Cables, Prices of Chain Cables and Chains, 
Historical Notes, Acts of Parliament, Statutory Tests, Charges for Testing, 
List of Manufiaicturers of Cables, &c. &c. Bv Thomas W. Traill, F.B.R. NT, 
M. Inst. C.B., Engineer Surveyor in Chief, Beard of Trade, Inspector of 
Chain Cable and Anchor Proving Establishments, and General Superin- 
tendent, Lloyd's Committee on Proving Establishments. With nnmeroni 
Tables, Illustrations and Lithographic Drawings. Folio, £2 2S. cloth, 
bevelled boards. 

" It contains a vast amount of valuable information. Nothing seems to be wanting to make it 
• complete and stimdard work of reference on the subject,"— WaM/»ips/ UagoMine* 



MINING AND METALLURGY. 19 

MINING AND METAL LURGY, 

Metalliferous Mining in the United Kingdom* 

BRITISH MINING : A Treatise on the Histoty, Discovery, Practical 
Development, and Future Prospects of Metalliferous Mines in the United King' 
dotn. Bv Robert Hunt, F.R.S., Keeper of Minine Records; Editor of 
*' Ure's Dictionary of Arts, Manufactures, and Mines, '^ &c. Upwards of 950 
pp., with 230 Illustrations, Second Edition, Revised. Super-royal 8vo, 
£2 zs. cloth. 

" One of the most valuable works of reference of modem times. Mr. Hunt; as keeper of mining 
records of the United Kingdom, has had opportunities for such a task not enjoyed by anyone else, 
and has evidentUr made the most of them. . . . The language and style adopted are good, and 
the treatment of the various subjects laborious, conscientious, and scientific."— AM^'n^cnnjT. 

"The book is, in fact^ a treasure-house of statistical iixformadon on miiunir subjects, and we 
know of no other work embodying' so great a mass of matter of this kind. Were this the only 
oierit of Mr. Hunts volume, it would be sufficient to render it indispensable in the library of 
everyone interested in the developiuent of the mining and metallurgical industries of this country." 
— ArhentKunt. 

" A mass of inrormation not elsewhere available, and of the greatest value to those who may 
be interested in our great mineral industries." — Engineer, 

JHetalliferous Minerals and Mining. 

A TREATISE ON METALLIFEROUS MINERALS AND 
MINING. By D. C. Davies, F.G.S., Mining Engineer, &c.. Author of " A 
Treatise on Slate and Slate Quarrying." Fifth Edition, thoroughly Revised 
and much Enlarged, by his Son, E. Henry Davies, M.E., F.G.S, With about 
150 Illustrations. Crown 8vo, 125. 6d, cloth. \Just ptibliiteii. 

"Neither the practical miner nor the general reader interested in mines c^mhave a l>etterbnr«k 

for his companion and his guide."— ^*m»>i^ ycumal. ■ iMining World, 

"We are doing our readers a service in calling their attention to this valuable work."— 
" A book that will ,iot only be useful to the geologist, the practical miner, and the metallurgist 

but also very interesting to the general public." — Iron. 

" As a history of the present state of mining throughout the world this book has a real value. 

and it supplies an actual ynsX"^Ath€Haum, 

Earthy Minerals and Mining. 

A TREATISE ON EARTHY dr- OTHER MINERALS AND 
MINING. By D. C. Davies, F.G.S. , Author of " Metalliferous Minerals," 
&c. Third Edition. Revised and En'argeJ, by his Son, E. Hbnry Davie's, 
M.E., F.G.S. With about 100 lUust?. Cr. 8vo, X2S..64. cl. [Just publisher*. 
"We do not remember to have met with any English work on minhig matters ttiat contains 

the same amount of information packed in equally convenient tona.''—Acaaemy. 

" We should be inclined to rank it as among the very best of the handy technical and radai 

onanuals which have recently appeared." — British Quarterly Review, 

Mining Machinery, 

MACHINERY FOR METALLIFEROUS MINES, including 
Motive Power, Haulage, Transport,'and Electricity as applied to Mininp. 
By E. Henry Davies, M.B., F.G.S., &c. &c» [/» prepaiation. 

Underground Bumping Machinery. 

MINE DRAINAGE. Being a Complete and Practical Treatise 
on Direct-Acting Underground Steam Pumping Machinery, with a Descrip- 
tion of a large number of the best known Engines, their General Utility ard 
the Special Sphere of their Action, the Mode of their Application, and 
their merits compared with other forms of Pumping Machinery. By Stsprbn 
MicHBLL. 8vo, 15s. cloth. 
" Will be highly esteemed by colliery owners and lessees; mining engineers, and >tudents 

{▼en srally who require to be acquainted with the best means of securing the drainage of mines. It 

Ls -i most valuable work, and stands almost alone in the literature of steam pumping machinery." — 

Colliery Guardian. 

*• Much valuable information is given, so that the book b thoroughly worthy of an extensive 

irculation amongst practical men and purchasers of machinery."— ^tn^t^ journal. 

Mining Tools. 

A MANUAL OP MINING TOOLS. For the Use of Mine 
Managers, Agents, Students, &c. By William Morgans, Lecturer on Prac- 
tical Mining at the Bristol School of Mines. lamo, 25. 64. cloth limp. 

ATLAS OF ENGRAVINGS to Illustrate the above, contain- 
ing 235 Illustrations of Mining Tools, drawn to scale. 4to, 45. 6d, cloth. 
" Students in the science of mining, and overmen, captains, managers and viewers may gala 

practical knowledge and useful hints by the study of Mr. Morgans' manuaL — Colliery Guardian, 
" A valuable work, which will tend materially to Improve our mining literature."— ifte^v' 

youmal. 
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Prospecting far Odd and other Metal8. 

THE PROSPECTOR'S HANDBOOK: A Guide for the Pto- 
spector and Traveller in Search of Metal-Bearing or other Valuable MineralSi 
By J. W. Amdbrson, M.A. (Camb.). F.R.G.S., Author of "Fiji and New 
Caledonia." Fifth Edition, thoroughly Revised and Enlarged. Small 
crown 8vo, ss. 6d, cloth. 

" WUl tuppljr a mnch felt wmnt Mpedally amone Cdonlstt. In whose way are lo oftea tbrawn 
many mineralqpcal specimens the Tafue of which it is difficult to detern^ae. ^^JiitjciMeer, 

*' How to Bad conunerdal minerals, and how to identify them when they are found, ave the 
leadinsr points to which attention is directed. The author has mansged to pack as mnch practical 
detail into his pages as would supply ma terial for a book three times its size."— Jif^M^^v 3f0$in$arm 

Mining Notes and Formulae. 

NOTES AND FORMULA FOR MINING STUDENTS. By 

tOHN Herman Mbrivalb, M.A., Certificated Colliery Manager, Professor of 
fining in the Durham College of Sciencei Newcastle-upon-Tyne. Third 
Edition, Revised and Enlarged. Small crown 8vo, 25. 6d. cloth. 
" Invaluable to anyoae who is working up for an examination on mining subJects.*'«/nMs and 
ComI Tracts RetrUWm 

" The author has done his work In an exceedingly creditable manner, and has prodnced a book 
tiiat will b« of senrice to students, and those who are practically engaged in mining operatfaMU^"— 

** A Tast amomit of technical matter of the utmost yalue to minfaig engineets, and of coosldMb 
able interest to students."— %ScA«0/maj/rri 

Miners^ and Metallurgists^ JPocket'Book, 

A POCKET-BOOK FOR MINERS AND METALLURGISTS, 
ComprislDg Rules, Formulae, Tables, and Notes, for Use in Field and Office 
Work. By F, Dam vers Power, F.G.S., M.E. Fcap. 8vo, gs. leather, gilt 
edges. i7<<s^ published, 

" The book seems to contain an immense amount of useful information in a small space, and no 
doubt will prove to be a valuable and handy book for mining engineers. " — C.LE NEVE FOSTER.Esq. 

" Miners and metalluivists will find m this work a useful vetde-me um containing a mass of 
rules, formulae, tables, ana various other information, the necessity for reference to which occurs in 
their daily duties."— /fVM. 

" A marvellous compendium which every miner who desires to do work rapidly and well should 
hasten to buy."— Xedruth Times. 

" Mr. Power has succeeded in producing a pocket-book which certainly deserves to become 
the engineer's vcuU-fnecutn,"— Mechanical tVorld. 

Mineral Surveying and Valuing. 

THE MINERAL SURVEYOR AND VALUER'S COMPLETE 
GUIDE ^ eotnprising a Treatise on Improved Mining Surveying and the Valua- 
tion of Minine P^erties, with New Traverse Tables. Bv Wii. Lintbrn, 
Mining and Civil Enjgineer. Third Edition, with an Appenaiz on " Magnetic 
and Angular Surveying,*' with Records of the Peculiarities of Needle Dis- 
turbances. With Four Plates of Diagrams, Plans, &c. i2mo, 4s. cloth. 
" Mr. Lintern's bocdc forms a valuable and thoroughly trustworthy guide." — Iron and Coat 

Trades Review. 

" This new edition mnst be of the highest vahie to colliery sxureyors, proprietors, and numa* 

gers."— CMMrry Guardian, 

Asbestos and its Uses* 

ASBESTOS: Its Properties » Occurrence, and Uses, With some 
Account of the Mines of Italy and Canada. By Robert H. Jones. With 
Eight Collotype Plates and otner Illustratioos. Crown 8vo, 12s. 6d, cloth, 

*' An interesting and invaluable work."— Coi/ierv Guardian. 

" A valuable addition to the architea's and engineer's Vititixy."— Building News. 

Explosives* 

A HANDBOOK ON MODERN EXPLOSIVES. Being a 
Practical Treatise on the Manufacture and Application of Dynamite, Gun- 
Cotton, Nitro-Glycerine, and other Explosive Compounds. Including the 
Manufacture of Colbdion-Cotton. By M. Eissler, Mining Engineer and 
Metallurgical Chemist, Author of " The Metallurgy of Gold," " The Metal- 
lurgy of Silver," &c. With a)>3ut 100 lUu&ts. Crown 8vo, los. 6d. cloth. 

" Useful not only to the miner, but also to officers of both services to whom blasting and the 
use of explosives generally may at any time become a necessary auxiliary."— iVa/Mr». 

** A veritable mine of mformation on the subject of explosives employed for military, mining, 
and bitting purposes."— ./fn»> and_Navy Gazette. 
iktsdea* 
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The book u clearly written. Taken as a whole, we consider It an excellent little book and 
one that should be found of great service to miners and others who are engaged in work requiring 
the use of explosives."— ^M«iMr»»f. 



MINING AND METALLURGY. 21 

CoUiery Management. 

THE COLLIERY MANAGER'S HANDBOOK: A Compre- 
hensive Treatise on the Laying-out and Working of Collieries, Designed as 
a Book of Reference for Colliery Managers, and for the Use of Coal-Mining 
Students preparing for First-class Certificates. By Caleb Pambly, Mining 
Engineer and Surveyor; Member of the North of England Institute of 
Mining and Mechanical Engineers ; and Member of the South Wales Insti- 
tute Of Mining Engineers. With nearly 500 Plans, Diagrams, and other 
Illustrations. Medium 8vo, about 600 pages. Price £1 ss. strongly bound. 

Summary of Contents. 
Geology. ~- Search for Coal.— 
Shaft Sinking. — Fitting Up the 
Shaft and Surface Arrangements. 
— Steam Boilers and their Fit- 
tings. — ^Timbering and Walling. — 
Narrow Work and Methods of 
Working. — Underground Convey- 
ance. — Drainage. — ^The Gases met 



with in Mines; Ventilation. — On 



the Friction of Air in Mines.— 
Surveying and Plannino.^Safety 
Lamps and Fire-Damp Detectors. — 
Sundry and Incidental Operations 
AND Appliances. — Miscellaneous 
Questions and Answers. 

Appendix : Summary of Report of 
H.M. Commissioners on Accidents 
IN Mines. 



♦** Opinions of the Press. 

" Mr. Pamely has not only given us a comprehensive reference book of a very high orde', 
suitable to the requirements of mining engineers and colliery managers, but at the s jas time has 
provided mining students with a dass-bc^k th it is as interesting as it is instructive."— .C«//t^ry 
Manager. 

" Mr. Pamely's work is eminently suited to the purpose for which it is intended— being clear, 
interesting, exhaustive, rich in detail, and up to date, givine descriptions of the very latest 
machines m every department. . . . A mining engineer could scarcely go wrong who followed 
this work." — Colliery Otuirdian. 

"This is the most complete 'all round' work on coal*mininz published in the English 
languasre. . . . No library of coal-mining books is complete wimout \X.."^^oUiery Engineer 
(Scranton, Pa., U.S.A.). 

"Mr. Pamely's work is in all respects worthy of our admiration. No person in any responsible 
position connected with mines should be without a co^y." —Ifestminster Review. 

Coal and Iron. 

THE COAL AND IRON INDUSTRIES OF THE UNITED 
KINGDOM, Comprising a Description of the Coal Fields, and of the 
Principal Seams of Coal, with Returns of their Produce and its Distribu- 
tion, and Analyses of Special Varieties. Also an Account of the occurrence 
of Iron Ores in Veins or Seams ; Analyses of each Variety ; and a History of 
the Rise and Progress of Pig Iron Manufacture. By Richard Mbaob, Assistant 
Keeper of Mining Records. With Maps. 8vo, £1 8s. cloth. 
" The book is one which must find a place on the shelves of all interested In coal and Iron 

production, and in the iron, steel, and other metallurgical industries." — Engintert 

** Of this book we may unreservedly say that it is the best of its class which we have ever mvt. 

... A book of reference which no one engaged in ttie Iron or coal trades should omit firom his 

library."— /fVM and Coal Trades Review, 

Coal Mining. 

COAL AND COAL MINING: A Rudimentary Treatise on. By 
the late Sir Warinoton W. Smyth, M.A., F.R.S., Sic, Chief Inspector of the 
Mines of the Crown. Seventh Edition, Revised and Enlarged. With 
numerous Illustrations, izmo, 4s. cloth boards. 
** As an outline is given of every known coal-iield in this and otiier countries, as well as of the 

Srlndpal methods of working, the book will doubtless Interest a very large number of readers."-. 
fining yoHmal, 

Subterraneous Surveying. 

SUBTERRANEOUS SURVEYING, Elementary and Practical 
Treatise on, with and without the Magnetic Needle. By Thomas Fen wick. 
Surveyor of Mines, and Thomas BaksRi C.E. lUust. zzmo, 3s. cloth boards. 

Oranite Quarrying. 

GRANITES AND OUR GRANITE INDUSTRIES. By 
George F. Harris, F.G.S., Membre de la Soci6t6 Beige de G^olorie, Lec- 
turer on Economic Geology at the Birkbeck Institution, &c. With Illustra- 
tions. Crown 8vo, 25. 6d. cloth. 
" A clearly and weU*written manual for persons engaged or Interested in the granite Industry." 

''Scotsman, 

" An interesting work, which will be deservedly esteemed."— Ctf/Ziery Guardian. 

" An cxceedin^y interesting and valuable monograph on a subject which has hitherto received 

cnaccountably little attention in the shape of systematic literary treatment."— ^rt^Mlr A Leadtr, 
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Ooid, MetaUurgy of. 

THE METALLURGY OP GOLD : A Practical Treatise on the 

Metallurgical Treatment of Gold-bearing Ores. Including the Proces-ea of 

C<mcentration and Chlorination. and the Assaying. Melting, and Refining of 

Gold. By M. Eissler, Mining engineer and Metallarfdcal Chemist, formerly 

Assistant Assayer of the U. S. Mint, San Francisco. Third Edition, Revised 

and greatly Enlarged. With 187 Illustrations. Crown 8vo, X2s. td. doth. 

** Thk book diorouffhlydescrTes its dtle of a 'Practical Treatise.* The whole procov of saU 

■inUng; from the breauag of the quartz to the assay of tlie bullion, is described ia dear aad 

ordci^nanative and with much, but not too much, fiimess of detaiL"— 5a/wrdl«jr Revtrm. 

** The work is a storeliouse of information and valuable data, and we stf on gl j ' *^«™»irmf k to 
aD proCessioaal men engaged in the gold-minin£ {ndnstfy."— AftNw^ Joumtu. 

Silver, MetaUurgy of. 

THE METALLURGY OF SILVER : A Practical Treatise on 
the Amalgamation, Roasting, and Lixiviation of Silver Ores. Including the 
Assaying, Melting and Refining, of Silver Bullion. By M. Eisslrr. Author 
of **The Metallurgy of Gold,** &c. Second Edition, Enlarged. With 250 
Illustrations. Crown 8vo, xos. 6d. cloth. 

** A practical treatise, and a technical worlc which we are convinced win supply a lons-JUl want 
amongst practical men. and at the same time be of value to students and others mduect^ rrainTtaul 
with tne mdustries." — Mining youmal. 

" From first to last the book is thoroughly sound and reBaUe."— CoZ/xIfrx Guardian, 
" For chemists, practical miners, assayers, and investors aBke. we do not know of anj work 
on tlie aubiect so handy and jret so comprehensive."— (rAu^<0w Herald, 

Lead, Metallurgy of. 

THE METALLURGY OF ARGENTIFEROUS LEAD: A 
Practical Treatise on the Smelting oi Silver-Lead Ores and the Refining of 
Lead Bullion. Including Reports on varioas Smeltinc: Establishments and 
Descriptions of Modem Smelting Furnaces and Plants in Europe and 
America. By M. Eisslbr, M.E., Author of "The Metallurgy of Gold," &e. 
Crown 8vo, 400 pp., with 183 Illustrations, i2s. 64. cloth. 

" This is a very good hoolk.."—C0liiery Guardian. 

" The numerous metallurgical processes, which are fully and extensively treated of, embrace 
all the stages experienced in tne passage of the lead from the various natural states to its iasne- 
from the refinery as an article of commetc^."— Practical Engineer, 

" The present volume fully maintains the reputation of the author. Those who wish to obtain 
a thorough insight into the present state of this industry caimot do better than read this volume, 
and all mming engineers cannot fail to find many useful hints and suggestions in 'it."~-Jndustries. 

" It is most carefully written and illustrated with capital drawings and diagrams. In fact, it is 
the work of an expert for experts, by whom it will be prized as an indispensable text*book." — 
Bristol Mercury. 

Iron, Metallurgy of. 

METALLURGY OF IRON. Containing History of Iron Manu- 
facture, Methods of Assay, and Analyses of Iron Ores, Processes of Manu- 
facture of Iron and Steel, &c. By H. Bauerman, F.G.S. A.R.S.M. With 
numerous Illustrations. Sixth Edition, Revised and Enlarged. Z2mo» 
SS. 6d. cloth. 

" Carefully written, it has the merit of brevity and conciseness, as to less important points ; 
while all material matters are very fully and thoroughly entered into. '—Standard. 

Iron Mining. 

THE IRON ORES OF GREAT BRITAIN AND IRELAND: 
Their Mode of Occurrence, Ag'*, and Origin, and the Methods of Searchini^ 
for and Working them, with a Notice of some of the Iron Ores of Spain. 
By J. D. Kendall, F.G.S.. ME. Crown 8vo, with Illnsts., x6s. cloth. 

[Nearly rtady. 
Summary of Contents. 



Th3 Early Working of Iron Ore. 
—The Haematite Deposits of West 
Cumberland and Furness. — The 
Iron Ores of Cornwall, Devon, 
AND WEST Somerset. — The Limon- 
ITE of the Forest of Dean and 
South Wales.— The Siderite and 
Ltmonitk of Alston and Weardale. 
The Argillaceous Ironstones of 
THE Ca'^uoniferous RoCks. — The 



Iron Orbs of the Secondary Rocks. 
— The Iron Ores of Antrim. — Some 
of the Iron Ores of Spain.— The 
Age and Origin of Iron Orb De- 
posits.— Searching for and Work- 
ing Iron Ores. — Working Costs and 
Selling Prices.— Rents, Royalties, 
Way-leaves, &c. — Epitomes of 
Leases, &c. &c. 
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ELECTRICITY, ELECTRICAL ENGINEERING, ete. 

Electrical Engineering. 

THE ELECTRICAL ENGINEER'S POCKET-BOOK OF 
MODERN RULES, FORMULM, TABLES, AND DATA, By H. R. 
Kempe, M.InstE.E., A.M.InstC.E., Tecboical OfEicer, Postal Telegraphs, 
Author of *'A Handbook of Electrical Testing," &c. Second Edition, 
thoroughly Revised, with Additions. With numerous Illustrations. Royal 
32010, oblong, 55. leather. [J*^^^ published. 

" There is very little in the shape of formuUe or data which the electrician is likely to want 

in a huiry which cannot be found in its pages."— Practical Engineer. 

"A very useful book of reference for daily use in practical electrical engineering and its 

\arious applications to the industries of the present 6xy."—Iron, 
" It is the best book of its kiad."— Electrical Engineer. 
" Well arranged and compact. The * Electrical Engineer's Podcet-Book ' is a good one." — 

Electrician, 

" Strongly recommended to those engaged in the various electrical industries."— f/etr/rM-a/ 

Review, 

Electric Lighting. 

ELECTRIC LIGHT FITTING : A Handbook for Working 
Electrical Engineers, embodying Practical Notes on Installation Manage* 
ment. By John W. Urquhart, Electrician, Author of " Electric Light,'* &c. 
With numerous Illustrations. Crown 8vo, 5s. cloth. 

" This volume deals with what may be termed the mechanics of electric lighting, and is 
addressed to m:n who are already engaged in the wbrk or are training for it. The work traverses 
a ereat deal of groimd, and may be read as a sequel to the same author's useful work on ' Electric 
Light.' "—Electrician. 

" This is an attempt to state In the simplest lan^:uage the precautions which shntild be adopted 
in installing the electric light, and to give information, for the guidance of those who have to run 
the plant when installed. "The book is well worth the perusal of the workmen for whom it is 
■wzittien."— Electrical Jteview. 

" We have read this book with a good deal of pleasure. We believe that the book will be of 
use to practical workmen, who will not be alarmed by nnding mathematical formuls whicn they 
artf unable to understaind."—Electr^xtl Plant. 

" Eminently practical and usefuL . . . Ought to be in the hands of everyone in charge of 
an electric light pluit."— Electrical Engineer. 

" Altogether Mr. Urquhart has succeeded in producing a really capital book, which we have 
no hesitation in recommending to the notice of wutking electricians ana electrical engineers.' — 
Mechanical IVorlcL 

Electric Light. 

ELECTRIC LIGHT : Its Production and Use. Embodying Plain 

Directions for the Treatment of Dynamo-Electric Machines, lotteries. 

Accumulators, and Electric Lamps. By J. W. Urquhart, C.E., Author ot 

"Electric Light Fitting,*' ** Electroplating," &c. Fifth Edition, carefully 

Revised, with Large Additions and 145 Illustrations. Crown 8vo, 75. 6J. cloth. 

\Jvsi published. 

" The whole ground of electric lighting Is more or less covered and explained in a very dear 
and concise aanner."— Electrical Review. 

" Contains a good deal of very interest' ng information, especially in the parts where the 
author gives dimensions and working costs." — Electrical Engineer. 

" A miniature vade-mecum of we salient facts connected with the science of electric light- 
ing." — Electrician. 

" You cannot for your purpose have a better book than ' Electric Light,' by Urquhart."— 
Engineer. 

" The book is by far the best that we have yet met with on the SMhject."—^ t/unteum. 

Construction of Dynamos. 

DYNAMO CONSTRUCTION : A Practical Handbook for the Use 
of Engineer Constructors and Electricians-in-Charge. Embracing Frame- 
work Building, Field Magnet and Armature Winding and Grouping, Com- 
pounding, &c. With Examples of leading English. American, and Conti- 
nental Djmamos and Motors. By J. W. Urquhart. Author of "Electric 
Light," " Electric Light Fitting," &c. With upwards of 100 Illustrations. 
Crown 8vo, 75. 6i. cloth. \Just published. 

" Mr. Urquhart's book is the first one which deals with these matters in such a way that the 

engmeering student can understand them. The hook is very readable, and the author leads his 

readers up to difficult subiects by reasonably simple tests."— Engineering Review. 

" The author deals with his subject in a style so popular as to make his volume a handbook of 

great practical value to engineer contractors and electricians in charge of lighting installations."— 

Scotsman. 

'"D}mamo Construction' more than sustains the high character of the author's previous 

publications. It is sure to be widely read by the large and rapidly increasing number of practical 

electricians." — Glasgmv Herald. 

" A book for which a demand has long Gyi\sX^dL."—Mechantcai H arid 
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Electric Lighting of Ships. 

ELECTRIC SHIP.LIGHTING : A Handbook on the Practical 
FictinR and Running of Ship's Electrical Plant. For the Use of Shipowners 
and Builders, Marine Electricians, and Sea-^oin^ Engineers in Charge. By 
J. W. Urquhart, C.E., Author of •* Electric Light," &c. With nameroos 
Illustraticns. Crown 8 vo, 7s 67. cloth. {Just publishgd. 

" The sultject or ship electric lijirhtinK is one of vast importance in these days, and Mr Urqii> 

h.irt is to Ik! hi)(hly coniuliinentuii (or placing; such a valuable work at the service of the practical 

luarin*? electrician."— TAr Sfeamshif. 

" Distinctly a book which of it& kind stands almost alone, and for which th«re should be a 

Electric Lighting. 

THE ELEMENTARY PRINCIPLES OP ELECTRIC LIGHT- 
ING. By Alan A. Caiipbbll Swinton, Associate I.E.E. Second Bditionff 
Enlarged and Revised. With 16 Illustrations. Crown 8vo, zs. 6d, cloth. 
"Anyone who desires a short and thoroug^hly clear exposition of tha damentaiy pfindplas of 
elactric-U^htinK cannot do better than read this little workT—BrMi/brd Obstrvtr, 

Dynamic Electricity. 

THE ELEMENTS OF DYNAMIC ELECTRICITY AND 
MAGSETISM. By Philip Atkinson, A.M.. Ph.D., Author of '* Elemen s 
of Static Electricity," " The Elemtnts of Electric Lighting," &c. &c. Crown 
8vo, 4x7 pp., with 120 Illustrations, xos. M, cloth. 

Dynatno Construction. 

HO W TO MA KE A DYNAMO : A Practical Treatise for Amateurs. 
Containing numerous Illustrations and Detailed Instructions for Constmcl- 
iag a Soiall Dynamo, to Produce the El-^tric Light. By Alfred Crofts. 
Fourth Edition, Revised and Enlarged. Crown 8vo, 2s. cloth. {Juit publishtd, 

"The instructions fiven in this unpretentious little book are sufficiently ctoar and explicit to 
enable any amateur machanic possessed of iverage skill and the usual tools to be found ia aa 
amateur's workshop, to build a practical dynamo ai3Lchiae."—£UctriciaH. 

Text Book of Electricity. 

THE STUDENT'S TEXT-BOOK OP ELECTRICITY. By 
Henry M. Noao, Ph.D., F.R.S. New Edition, carefully Revised. With 
Introduction and Additional Chapters, by W. H. Prsbcs, M.I.C.B., Vice- 
President of Society of Telegraph Engineers, &c. With 470 Illustrationa. 
Crown 8vo, tzs. 6d. cloth. 

" We can recommend Dr. Noad's boo^ for dear styles gnat tnag» of subject; a gfood Index, 
and a plethora of woodcuts. Such collections as tne present are indispensable. —^M<»MnMM. 
" An admirable text-book for every student — beguuier or advanced — of tfectricit]r."<« 

Electricity. 

A MANUAL OP ELECTRICITY : Including Galvanism, Mag^ 
netism, Dia-Magnetism, Electro-Dynamics, Mae[no-Electricity, and the Bhctric 
Telegraph. By Henrt M. Noad, Ph.D., F.R.S., F.C.S. Foarth Edition. 
Witn 500 Woodcuts. 8vo, £1 4s. cloth. 

*^* This is the original work of Dr. Noad (published in 1859) ubon which the 
Student's Text-Book {see above) may be satd to be founded. Very few copies 
of it are left. 

A New Dictionary of Electricity, 

THE STANDARD ELECTRICAL DICTIONARY. A Popu- 
lar Dictionary of Words and Terms Used in the Practice of Electric Engi- 
neering. By T. O'Connor Sloane, A.M., Ph.D., Auth ir of *' The Arithmetic 
of Electricity," &c. Cr. 8vo, 630 pp., 350 Illusts., 12s. 6d. cl. [Just published. 
Note. — The purpose of this work is to t resent the public with a conciu and 
practical book of reference, . • . Each title or subject is defined once in the text, 
and where a title ts synonymous with one or more others the definition is given 
under one title, and the others appear at the foot of the article as synonyms. The 
work comprises upwards of 3,000 definitions, and will be found indispensable by ail 
who are interested in electrical science and aaire to keep abreast with the progress 
of the times. 

An encyclopaedia of electrical science in the compass of a dictionary. The information 
sfiven is so-md and clear. The book is well printed, weU illustrate .1. and well up to date, and may 
be confidently recommended."— ^M</</fr. 
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AROHITE OTURB, BXTILD INO, etc. 
Sir Wm. Chamhera^s Treatise on Civil Architecture. 

THE DECORATIVE PART OF CIVIL ARCHITECTURE. 
By Sir William Chambers. F.R.S. With Portrait, Illastrations, Notes, and 
au Examination of Grecian Architecture, by Joseph Gwilt, F.S.A. Revised 
and Edited by W. H. Leeds, with a Memoir of the Author. 66 Plates. 4to, 
215. cloth. 

Mechanics for Architects* 

THE MECHANICS OF ARCHITECTURE : A Treatise on 
Applied Mechanics, especially Adapted to the Use of Architects. Bv E. W. 
Tarn, M.A., Author of " The Science of Building," &c. Illustrated with 
125 Diagrams. Crown 8vo, 75. 6d. cloth. IJust published. 

Summary of Contents. 

Arches. — IX. Domes, Spires, — X. 
Buttresses, Shoring, Retaining 
Walls, Foundations. — XI. Effect 



Chap. I. Forces in Equilibrium. — 
II. Moments OF Forces.— III. Centre 
OF Gravity. — IV. Resistance of Ma- 
terials TO Stress. — V. Deflection 
OF Beams. — VI. Strength of Pil- 
lars. — VII. Roofs, Trusses. — VIII. 



of Wind on Buildings. — XII. Mis- 
cellaneous Examples and Solu- 
tions. 



FiUa Architecture. 

A HANDY BOOK OF VILLA ARCHITECTURE i Being a 
Series of Designs for Villa Residences in various Styles, With Outline 
Specifications and Estimates. By C. Wickes, Architect, Author of "The 
Spires and Towers of England," &c. 6x Plates, 4to, £i us, 6d. half-morocco, 
gilt edges. 

** The whole of the designs t)ear evidence of their being the woriL of an artistic architect, and 
they wiO prove very valuable and suggestive,"— 'SHiiding^ News, 

Text'Book for Architects. 

THE ARCHITECT'S GUIDE: Being a Text-Book of Useful 
Information for Architects, Engineers, Surveyors, Contractors, Clerks of 
Works, &c. &c. By Frederick Rogers, Architect, Author of "Specifi- 
cations for Practical Architecturej" &c. Second Edition, Revised and 
Enlarged. With numerous Illustrations. Crown 8vo, 6s. cloth. 
*' As a text-book of useftil information for architects, engineers, surveyors, Sec, it would tM 
hard to find a handier or more complete little volume,"— Staftaard, 

Taylor and Cresy's Motne, 

THE ARCHITECTURAL ANTIQUITIES OF ROME. By 
the late G. L. Taylor, Esq., F.R.I.B.A., and Edward Cresy, Esq. New 
Edition, thoroughlv Revised bv the Rev. Alexander Taylor, M. A. (son of 
the late G. L. Taylor, Esq.), Fellow of Queen's College, Oxford, and Chap- 
lain of Gray's Inn. Large folio, with 130 Plates, £3 3s. half-bound. 
" Tajrlor and Cresy's work has from its first publication been ranked among those professional 
boolcs which cannot be bettered. ... It would be difficult to find examples of drawings, even 
among those of the most painstakine students of Gothic, more thoroughly worked out than are the 
one hundred and thirty plates in this vtAumie,"-^rckitect, 

I/inear ^Persm^ective 

ARCHITECTURAL PERSPECTIVE : The whole Course and 
Operations of the Draughtsman in Drawing a Large House In Linear Per- 
spective. Illustrated by 39 Folding Plates. By F. O. Ferguson. Demv 
8vo, 3s. 6d. boards. TJust published. 

" In a series of graphic illustrations of the actual processes the author shows the practical part of 
the art. It is all so easy and so clear that a child could follow him, and generations of students yet 
unborn will bless the name of Ferguson. ... It is the most intelligtole of the treatises on this 
ill treated subject that I have met with."— E. INGRESS BELL, Esq., in the R.I.B.A. Journal. 

Architectural Drawing. 

PRACTICAL RULES ON DRA WING, for the Operative Builder 
and Young Student in Architecture, By George Pynb. With 14 Plates, 4to, 
7S. 6i. boards. 

Vitruvius^ Architecture. 

THE ARCHITECTURE of MARCUS VITRUVIUS POLLIO, 
Translated by Joseph Gwilt, F.S.A., F.R.A.S. New Edition, Revised by 
be Translator. With 23 Plates. Fcap. 8vo, 5s. cloth. 
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The New BuUder^8 Price Book, 1893. 

LOCK WOOD'S BUILDER'S PRICE BOOK FOR 1893. A 
Comprehensive Handbook of the Latest Prices and Data for Binlders, 
Architects, Engineers, and Contractors. Re-constructed, Re-written, ana 
Greatly Enlarged, By Francis T. W. Miller. 640 closely-printed pages, 
crown 8vo, 4s. cloth. 

♦♦* Opinions of the Press. 
" Thif book is a very useful ooe, and should find a place in every English o£Sce connected with 

the buUdinu; and engineerinji^ professions."— /Mt/MJ/rtVj'. 

"ThisTtice Book has been set up in new type. . . . Advanta^ has been taken of the 

transrormation to add much additional information, and the voluine is now an excellent book of 

reference."— yf re* t<'^rf. 

" In its new and revised form tUs Price Book Is what a work of this kind should be— compro> 

hensive, reliable, well arranged, l^ble, and well bound.' —.^rtytx/i Architect. 
" A work of establishea reputation."— ./f/A^MiTM/M. 

JJesigninfff Measuring, and Valuing, 

THE STUDENTS GUIDE to the PRACTICE of MEASUR- 
ING AND VALUING ARTIFICERS' WORK. Containing Directions for 
taking Dimensions, Abstracting the same, and bringing the Quantities into 
Bill, with Tables of Constants for Valuation of Labour, and for the Calcula- 
tion of Areas and Solidities* Originally edited by Edward Dobson, Architect. 
With Additions on Mensuration and Construction, and a New Chapter od 
Dilapidations, Repairs, and Contract?, by E. Wyndham Tarn. M.A. Sixth 
Edition, including a Complete Form of a Bill of Quantities. With 8 Plates and 
63 Woodcuts. Crown 8vO| 7s. 6d. cloth. 

" Well fblfils the promise of its title-page, and we can thoroughly recommend it to the dass 
for whose use it has been compiled. Mr. Tarn's additions and revisions have much increased the 
usefulness of the work, and have especially aufnnented its value to students."— fn^'nwWftf. 

" This edition will be found the most complete treatise on the principles of measuius and 
valuing artificers' work that has yet been puhlistitd,''—£uiUisn£' News, 

Pocket Estimator and Technical Guide. 

THE POCKET TECHNICAL GUIDE, MEASURER, AND 
ESTIMATOR FOR BUILDERS AND SURVEYORS, Containing Tech- 
nical Directions for Measuring Work in all the Building Trades, Complete 
Specifications for Houses, Roads, and Drains, and an easy Method of Estimat- 
ing the parts of a Building collectively. By A. C. Beaton, Author of 
"Quantities and Measurements." Sixth Edition. With 53iWoodcuts. Waist- 
coat-pocket size, IS. 6d. gilt edges. 

"No builder, architect, surveyor, or valuer should he without his ' Beaton.' '^^Buiiditts^Newu 
" Contains an extraordinary amount of information in daily requisition in measuring and 
estimating. Its presence in the pocket will save valuable time and trouble."— .^MtiA/m^ IVorU, 

Vonaldson on Specifications. 

THE HANDBOOK OF SPECIFICATIONS; or, Practical 
Guide to the Architect, Engineer, Surveyor, iCnd Builder, in drawing np 
Specifications and Contracts for Works and Constructions. Illustrated by 
Precedents of Buildings actually executed by eminent Architects and En- 
gineers. By Professor T. L. Donaldson, P.R.I.B.A., &c. New Edition. In 
One large Vol., 8vo, with upwards of 1,000 pages of Text, and 33 Plates. 
]fi iis.5<f. cloth. 

" In this work forty-four specifications of executed works are given, Inchidlng the spectfica* 
Hons for parts of the new Houses of Parliament, by Sir Charles Barry, and for the new Royal 
Exchange, by Mr. Tite, M.P. The latter, in particular, is a very complete and remarkable 
document. It embodies, to a great extend as Mr. Donaldson mentions, 'the bill of quantities 
with the description of the works.' ... It is valuable as a record, and more valuable still as a 
book of precedents. . . . Suffice it to say that Donaldson's 'Handbook of Specifications ' 
must t>e bought by all architects."— ^wtiUkr. 

Bartholomew and Rogers^ Specifications. 

SPECIFICATIONS FOR PRACTICAL ARCHITECTURE. 
A Guide to the Architect, Engineer, Surveyor, and Builder. With an Essay 
on the Structure and Science of Modern Buildings. Upon the Basis of the 
Work by Alfred Bartholomew, thoroughly Revised, corrected, and greatly 
added to by Frederick Rogers, Architect. Third Edition, Revised, witn 
Additions. With numerous Illustrations. Medium 8vo, 155. cloth. 

" The collection of specifications prepared by Mr. Rogers on the basis of Bartholomew's work 
Is too well known to need any recommendation from us. It is one of the books with which every 
young architect must be equipped ; for time has shown that the specifications cannot be act aside 
through any defect in them."->^r<Af/M;^. 
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Cofistruction. 

THE SCIENCE OP BUILDING : An Elementary Treatise on 
the PrincipUi of Construction, By E. Wyndham Tarn, M.A., Architect. 
Third Edition, Revised and Enlarged. With 59 Engravings. Fcap. 8vo, 45. cl. 

" A rery valuable book, which we strongly recommend to all students."— ^M^Zdirr. 
"No architectural student should be without this handbook of constructional knowledj^e.** 

AreMkct, 

House Building and Repairing. 

THE HOUSE-OWNER'S ESTIMATOR ; or, What will it Cost 
to Build, Alter, or Repair? A Price Book adapted to the Use of Unpro- 
fessional People, as well as for the Architectural Surveyor and Builder. By 
James D. Simon, A.R.I.B.A. Edited and Revised by Francis T. W. Millbr» 
A.R.I.B.A. With numerous Illustrations. Fourth Edition, Revised, Crowo 
8vo, 3s. 6<i. cloth. 

" In two years it will repay its cost a hundred times ows."— Field. 
" A very handy book."— ^Wj^/ilrA Mechanic. 

Cottages and Villas* 

COUNTRY AND SUBURBAN COTTAGES AND VILLAS: 
How to Plan and Build Them. Containing 33 Plates, with Introduction* 
General Explanations, and Description of each Plate. By Jambs W. Bogus, 
Architect, Author of " Domestic Architecture," &c. 4to, 105. 6d, doth. 

Building ; Civil and Ecclesiastical. 

A BOOK ON BUILDING, Civil and Ecclesiastical, including 
Church Restoration ; with the Theory of Domes and the Great Pyramid, &c. 
By Sir Edmund BeckstTi Bart., LL.D.,F.R.A.S., Author of "Clocks and 
Watches, and Bells," &c. Second Edition, Enlarged. Fcap. 8vo, 55. cloth. 

" A tx>ok which b always amudn; and nearly always Instructive* The style throughout is in 
the highest degree condensied and epigrammatic"— Ttm^r. 

Ventilation of Buildings. 

VENTILATION, A Text Book to the Practice of the Art of 
Ventilating Buildings. With a Chapter upon Air Testing. By W. P. Buchan, 
R.P., Sanitary and Ventilating Engineer, Author of " Plumbing," &c. With 
170 Illustrations. lamo, 45. cloth boards. 

" Contains a great amount of useful practical information, as thoroughly interestbg as it is 
terhnically reliable, and ' Ventilation ' forms a worthy companion volume to the anthor's excellent 
treatise on * Plumbing.' " — British Architect. 

" It is invaluable alike for the architect and builder, and should be in the hands of everyone 
who has to deal in any way with the subject of ventilation."— J/(f/;-p/<?/»Ya«. 

The Art of Blutnhing. 

PLUMBING, A Text Book to the Practice of the Art or Craft of 
the Plumber, with Supplementary Chapters on House Drainage, embodying the 
latest Improvements. By William Paton Buchak, R.P., Sanitary Engineer 
and Practical Plumber. Sixth Edition, Enlarged to 370 pages, and 380 
Illustrations. X2mo, 4s. cloth boards. 



" A text-book which may be safely put in the hands of every ycung plumber, and which will 

be found useful by architects and medical professors."— ^Kt^fir/-. 

" A valuable text-book, and the only treatise wtiich can be regarded as a really reliable manual 



also be found useful by architects and medical professors."— ^/^t^rfr. 

•• A valuable text-book, and the only 

of the plumber's d.rX,.*—Buildittg^ News, 

Geometry for the Architect, Engineer, etc. 

PRACTICAL GEOMETRY, for the Architect, Engineer, and 
Mechanic. Giving Rules for the Delineation and Application of various 
* Geometrical Lines, Figures and Curves. By E. W. Tarn, M.A., Architect, 
Author of "The Science of Building," &c. Second Edition. With 172 Illus- 
trations. Demy 8vo, 9s. cloth. 

" No book with the same objects in view has ever been published in which the clearness of the 
rules laid down and the illustrative diagrams have been so satisfactory."— 5c<^ma». 

The Science of Geometry. 

THE GEOMETRY OP COMPASSES; or, Problems Resolved 

by the mere Description of Circlest and the use of Coloured Diagrams and 

Symbols, By Oliver Byrnb. Coloured Plates. Crown Svo, 3s. 6i. cloth. 

" The treatise Is a good one, and remarkable— like all Mr. Byrne's contributions to the science 
of geometry— for the hadd character of its teaching."— fK«/(/^;^ JVeus, 
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■hs Freunre and Eqnilibiiaid of Timber Pnniiiu: Iha Rmlst- 

Mf, lind ttM CoDMiDCIioD of Flaon, Arch«, BridgM, Rool^ 

UnitiBg lion ud SuaB with Timbsr, Ac To obicb la added aa Eany 
BO ihe NUnn and Fropertiea ol "nmber, &c., with DeacriptiaoB of the kiadi 
of Wood >i5Bd in Building ; itio nameroua Tables of ihe ScintHngg of Tim- 
ber roidifiereii(parpotei,tbe Specific Cravillei of Materials, &c. ByTtiOHAB 
Tkdoold, C.E. WiUi an Appendii of Specimena of Various Roots of Iron 
and Stone, Illasliated. Sevealh Edition, ihorougblv revised and conaidsrabli 
enlsTKod by E. Wv«DH*M Task, M.A., Author oi "Tbe Science of Build- 
ing," &c. With Gi Plates, Foniait of tbe Autbor. and sevecsJ Woodcula, la 
_OnB large Vol.. ,to, price £; 51. doth. 

vlUM m ol ft iPtilAc^Sa.'— Alffi^Kf JVisi. 

' Its Rise, Progress, and 

alofSawUillia ' "^ 

Eiainplet of R( 

. — _ . , ndneeri. By I 

iHI.laal.CB., M.I. M.g. mgocrowngro. iit. &I, doth. 



ConttnctiOD. WUhHiat*onlha)Iua<emenlofSawUilliand£aEcaDoaii 
cat CoBvmloa of Timbn, lUaitraUd wilh Eiainplet of Recent Designs b> 
*"" — BnglUh, French, and American Enrineari. Bt U. Ponia Bu.1, 



Saw 3iau. 

SA W MILLS : Their Arrangement and Management, and the 
Ecooomical CoDTersion of Timber. (A Companion Volume to " Woodwork- 
lag MacblDsTT.") B; M, Powis Bau. With nuiDBroas lUustraCioDs. Crono 
8to, ioi. 6i. doth. 



_r, Book of Lines for CaT' 

EnlBts J comprising all the Elementari Principlea ssaentiai for UMt^iiag 
owledgcof Carpeolry- Founded on the late Fiteb Nicholson's Standard 
Work, A New Ediiion. Revised bK AarmiB AsHpiiBt, F.S.A. Togwher 
with Priclical Rolea on Drawing, bj Gsowas Fxiia, With 74 Plates, 
4tD, £1 IS. dolh. 

nandraitinff and Stairbuitding. 

A PRACTICAL TREATISE ON HANDRAILmG : Showing 
New and Simple Methods lor Findiag^tbe Pitch of the PUak, Drawing the 
Moulds, Bavelling, Jointio;-np, and Squaring the Wreatb. Bv Geokge 
CoLLiMas. Second Edition. Revised and Enlarged, to which is added A 
TaajtTisE OH Stairbuildihs. With Plates and Diagrams, iimo, acM. 
" Wm tie eowA ofpfSctkalutrnTr in the eHcuttcni af Ihli difficult bnoch o( JolMrr."— At^Uf*'. 
■M rfijj"*' *d2rfS?* ''■lS^^™!?'?"""'^' '"'^*" bimcli gt Jfdiwv It elucUUed ti the 

dreiOar Worh. 

CIRCULAR WORK IN CARPENTRY AND WINERY: A 
FracticalTresUse on Circular Work of Sinile and Doable CarvaturB. By 
GiOKOB CoLuaos, Author of " A Practical Tcuiisa on HandtaiUog." Illu»- 
trated wlihnamerons DiMrams. Second Edition, lamo, u. IS>f. cloth hmp. 
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Timber Merchant's Companionm 

THE TIMBER MERCHANTS AND BUILDER'S COM- 
PAN ION. Containing New and Copious Tables of the Reduced Weight and 
Measurement of Deals and Battens, of all sizes, from One to a Thousand 
Pieces, and the relative Price that each size bears per Linesd Foot to any 

g'ven Price per Petersburg Standard Hundred ; the Price per Cube Foot of 
quare Timber to any given Price per Load of 50 Feet; the proportionate 
Value of Deals and Battens bv the Standard, to Square Timber by the Load 
ot 50 Feet ; the readiest mode of ascertaining the Price of Scantling per 
Lineal Foot of any size, to any jgiven Figure per Cube Foot, &c. &c. By 
William Dowsing. Fourth Edition, Revised and Corrected. Cr. 8vo, 3s. cl. 
" Evetytbing is as concise and clear as it can possibly be made. There can be no doubt that 
every timber merchant and builder oueht to possess W'—Hull Advertiser. 

" We are g:lad to see a fourth edition of these admirable tables, which for correctness aa J 
simplicity of arrangement leave nothing to be desired."— TVm^r Trades youmoL 

Practical Timber Merchant* 

THE PRACTICAL TIMBER MERCHANT. Being a Guide 

for the use of Building Contractors, Surveyors. Builders, &c., comprising 
useful Tables for all purposes connected with the Timber Trade, Marks of 
Wood, Essay on the Strength of Timber, Remarks on the Growth of Timberi 
&c. By W. Richardson. Fcap. 8vo, 3s. 64. cloth. 
"This handy manual contsdns much valuable mformation for the use of timber merchants* 

bidlders, foresters, and all others connected with the growth, sale, and manufitcture of timber."— 

yonrtuU <tf Forestry » 

Timiber Freight Book. 

THE TIMBER MERCHANTS, SAW MILLERS, AND 
IMPORTER'S FREIGHT BOOK AND ASSISTANT, Comprisine Rul«8, 
Tables, and Memoranda relating to the Timber Trade. JBy William 
Richardson, Timber Broker; together with a Chapter on " Speeds op Saw 
Mill Machinery," by M. Powis Bale, M.LM.E., &c. Z2mo. 3s. 6d, cl. boards^ 
" A very useful manual of rules, tables, and memoranda relating to the timber trade. We re> 

commend it as a compendium of calculation to all timber measurers and mflrffhunts, and as supply^ 

Ing a real want in the tnA»,"— Building News, 

I^acking^Case Makers, Tables for. 

PACKING-CASE TABLES; showing the number of Super- 
ficial Feet in Boxes or Packing^Casbs, from six inches square and upwards. 
By W. Richardson, Timber Broker. Third Edition. Oolong 4to, 3s. 6d, c]» 

" Invaluable labour-saving tables."— /ronmcH/Fer, 
"Win save much labour and calculation."— (TroMr. 

Superficial Measurement, 

THE TRADESMAN'S GUIDE TO SUPERFICIAL MBA- 

SURBMENT, Tables calculated from z to 200 inches in length, by z to lod 

inches in breadth. For the use of Architects, Surveyors, Engineers, Timber 

Merchants, Builders^ ftc. By Jambs Hawkings. Fourth Edition. Fcap.» 

3S. 6d, doth. 

" A useful collection of tables to fkdiitate rapid calculation of surfiues. The exact area of any 

sarface of which the limits have been ascertained can be instantly determined. The book will tM 

found of the greatest utility to all engaged in building operations." — Scotsman. 

" These tables will be found of great assistance to all who require to make calculations In supes^ 
ficial m6a£XiStmtxiX."-'En£lish Mechanic, 

Forestry. 

THE ELEMENTS OF FORESTRY. Designed to afford In- 
formation concerning the Planting and Care of Forest Trees for Ornament ot 
Profit, with Suggestions upon the Creation and Care of Woodlands. By F. B. 
Hough. Large crown 8vo, zos. cloth. 

Timber Importer's Ouide, 

THE TIMBER IMPORTER 'S. TIMBER MERCHANTS, ANZ> 
BUILDER'S STANDARD GUIDE, By Richard B. Grandy. Compris- 
ing an Analysis of Deal Standards, Home and Foreign, with Comparative 
V^ues and Tabular Arrangements for fixing Net Landed Cost on Baltic 
and North American Deals, including all intermediate Expenses, Freight, 
Insurance, &c. &c. Together with copious Information for the Retailer and 
Builder. Third Edition, Revised. X2mo, as. cloth limp. 
" Everything it pretends to be : built up gradually, it leads one from a forest to a traenaU, and 

throws in. as a makewei^^ a host of matertaJ concerning bricks, columns, dstems, Ac"-~£n£lis^ 

Mtchanic 
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DECORATIVE ARTS, eto. 

Woods and Marbles (Imitation of). 

SCHOOL OF PAINTING FOR THE IMITATION OF WOODS 
AND UARBLES.^ Tauglil and Praclised by A. R. V*s deb Bukc and P. 
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Boiise Decoration. 

ELEMENTARY DECORATION. A Guide to the Simpler 

Forms of Everyday Art, as applied loihelnierior sod EiieriorDeeotatirm of 
Dwelling HouMS, &a. Together with PRACTICAL HOUSE DECORA- 
TION : A Guida lo Ilia An of OrDamonial Palniine, tha Atrangemenl of 
Colours in Aparl meats, and theprincipiesof Decorative Desim. By James 
W. F*cii. With D;imecait3llia3ti'ations. In One Vol., ji. strotigfy half* 

House I'aintlng, Graining, etc. 

HOUSE PAINTING. GRAINING. MARBLING, AND SIGIH 
K'XJT'IffG. A Practical Manual of. By Ellis A.Datidson. Silth Edition. 
With Coloured Plates and Wood EDgrBvlngs. isroo, is. cloth boards, 

Decorators, Receipts for. 

THE DECORATOR'S ASSJST ANT; A Modern Guide to Do- 

s, &0. CODUlnfag 



Moyr Smith on Interior Decoration. 

ORNAMENTAL INTERIORS. ANCIENT AND MODERN. 
By J. UoyitSuiTH. Super-royal Bvo,iTlth]i full-page PUtes and ntuoeront 
ii__ .,: --—IS, handsoraelj bonod in cloth, gilt lop, price i8j. 
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British and Foreign Marbles, 

MARBLE DECORATION and the Terminology of British and 
Foreign Marbles. A Handbook for Students. By George H. Blagrove, 
Author of " Shoring and its Application," &c. With 28 Illustrations. Crown 
8vo, 3s. 64. cloth. 

" This most useful and much wanted handbook should be in the hands of eveiy architect and 
builder."— Bt*i/ding- tVorld. 

" A carefuDy and usefully written treatise ; the work is essentially practical."— ^cotemaw. 

Marble Working^ etc. 

MARBLE AND MARBLE WORKERS: A Handbook for 

Architects, Artists, Masons, and Students. By Arthur Lee, Author of " A 

Visit to Carrara," •' The Working of Marble," &c. Small crown 8vo, 25. cloth. 

" A really valuable addition to the technical literature of architects and masoiiS."~~Buittlin£ 

News. 

DELAMOTTE'S WORKS ON IL LUMINATIO N AND ALPHABETS. 

A PRIMER OF THE ART OF ILLUMINATION, for the Use of 

fegitners : with a Rudimentary Treatise on the Art, Practical Directions for 
its £xei;ci$e, and Examples taken from Illuminated MSS., printed in Gold and 
Colours. By F. Delamottb. New and Cheaper Edition. Small 4to, 6s. orna- 
mental boards. 

" The examples of ancient MSS. recommended to Hm student which, with much good senses 
the author chooses from collections accessible to all, are selected with {udement and Knowledge, 
as well as tast9."—AthenautH, 

ORNAmInTAL alphabets, Ancient and Mediavah from the 

Eighth Century, with Numerals; including Gothic, Church-Text, large and 
small, German, Italian, Arabesque^ Initials for Illumination, Monograms, 
Crosses, &c. &c., for the use of Architectural and Engineering Draughtsmen, 
Missal Painters, Masons, Decorative Painters, Lithographers, Engravers, 
Carvers, &c. &c.. Collected and Engraved bv F. Delamottb, and printed in 
Colours. New and Cheaper Edition. Royal 8vo, oblong, as. 6d, ornamental 
boards. 

" For those who Insert enameDed sentences round glided chaHces, who blazon shop legends orer 
shop-dqprs. who letter church walls with pithy sen ten ces from the Decalogueb this book wiUbe use- 

tub"'-Ath€funtm, ** 

EXAMPLES OP MODERN ALPHABETS, Plain and Ornamental; 

including German, Old English, Saxon, Italic, Perspective, Greek, Hebrew, 
Court Hand, En|;rossing, Tuscan, Riband, Gothic, Rustic, and Arabesque ; 
with several Original Designs, and an Analysis of the Roman and Old English 
Alphabets, large and small, and Numerals, for the use of Draughtsmen, Sur- 
veyors, Masons, Decorative Painters, Lithographers, Engravers, Carvers, &c. 
Collected and Engraved by F. Delamotte, and printed in Colours. New 
and Cheaper Edition. Royal 8vo, oblong, 25. 6d, ornamental boards. 

*' There is comprised in it erery possible shape into which the letters of the alphabet and 
numerals can be formed, and the talent which has been expended in the conception of^the various 
plain and ornamental letters is yfondeifuL"— Standard, 

MEDIAEVAL ALPHABETS AND INITIALS FOR ILLUMU 
NA TORS. By F. G. Delamottb. Containing 2x Plates and Illuminated 
Title, printed in Gold and Colours. With an Introduction by T. Willis 
Brooks. Fourth and Cheaper Edition. Small 4to, 4s. ornamental boards. 

" A Tolume In which the letters of the alphabet come forth glorified in gilding andall the colours 
of the prism interwoven and intertwined and intermingled."— ^wm. 

THE EMBROIDERER'S BOOK OF DESIGN. Containing 
Initials, Emblems, Cyphers, Monograms, Ornamental Borders, Ecclesiastical 
Devices, Mediaeval and Modern Alphabets, and National Emblems. Col- 
lected by F. Delamottb, and pointed in Coloon. Oblong royal 8vo, is. 6d, 
ornamental wrapper. 
*'The book will be of great assistance to ladles and young children who are endowed with the 

art of plying the needle in this most ornamental and useful pretty work."--£Ar< AngliaH Times. 



Wood Carving. 

INSTRUCTIONS IN WOOD-CARVING, for Amateurs; with 
Hints on Design. By A Lady. With Ten Plates. New and Cheaper Edition. 
Crown 8vo, 9S. in emblematic wrapper. 

*' The handicraft of the wood-canrer, so well as a book can Impart It, may be lesmt fh>m * A 
Lady's' publication."— ^<Ar»<rMm. 
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NATU RAL SOIENO E, etc. 

The Heavens ami their Origin. 

THE VISIBLE UNIVERSE: Chapters on the Origin and 

Construction of the Heavens. By J. E. Gore. F.R.A.S.. Author of ** Star 

Groups," &c. Illustrated by 6 Stellar Photographs and xa Lithocrapbic 
Plates. Demy 8vo, 16$. cloth, gilt top. {J^t pubiished. 

" A Taluable and ludd summary <ji recent astronomical theory, rendered more Taliuble and 
attractive by a series of stellar photographs and other illustrations."— 7Vk« Timtt. 

" In presenting a clear and concise account of the present state of our knowledge, Mr. Goitt 
has made a valuaUe addition to the literature of the subject."— Aa/f^r^. 

" Mr. Gore's ' Visible Universe ' is one of the finest works on astronomical science that has ie> 
cently appeared in our languai;^. In spirit and in method it is scientific from cover to cover but 
the style & so clear and attractive that it will be as acceptable and as readable to those iriio makft 
no scientific pretensions as to those who devote themselves specially to matters astronomicaL"— - 
Letds Mercury. 

" We are glad to bear witness to the fuhiess, the accuracy, and the entire honesty of the latest 
and the best compilation of the kind which has appeared of late years. . . . The iIlustratioa& 
are ako admirable."— Z^ot/y Chronicle. 

" As interesting as a novel, and instructive withal ; the text being made still more luminous by 
stellar photographs and other illustrations. ... A most valuable bw)li."—JIIaHchester£xafHin€r^ 

The Constellations, 

STAR GROUPS: A Student's Guide to the Constellations. By 
J. Ellard G0RB.F.R.A.S., M.R.I.A., &c.. Author of *' The Visible Universe "^^ 
** The Scenerv of the Heaves." With 30 Maps. Small 4to, u. cloth, silvered. 

" A knowledge of the principal constellations visible in our latitudes may oe easily acquired by 
the thirty maps and accompansring text contained in this yroTlc."—Nafurt. 




, ^ . . ^ , , ^ .' pomp 

of the heavens, notlung could be better than a set of delineations averaging scarcely twenty squam 
inches in area, and including nothing that cannot at once be identified. '^-%Sa/Mn^ Review, 
" A very compact and handy guide to the constellations."— .t^MenarMm. 

The ^HfCroscon^e. 

THE MICROSCOPE : Its Construction and Management, in- 
cluding Technique, Photo-micrography, and the Past and Future of the 
t{ Microscope. By Dr. Hbnri van Heurck, Director of the Antwerp Botan- 
sical Gardens. English Edition, Re-Edited and Augmented by the Author - 
from the Fourth French Edition, and Translated by Wynne E. Baxter 
F.R.M.S., F.G.S., &c. About 400 pages, with Three Plates and upwards of 
S50 Woodcuts. Imp. 8vo, i8s. cloth gilt. [Just published, 

*• This is a translation of a well-known work, at once popular and comprehensive, on the struo* 
ture, mechanism, and use of the microscope. Of adequate English manuals on the use of the 
microscope there is certainly no lack ; but, as the translator very truly (says, such a book as Pro> 
fessor van Heurck's must neces^rily be of interest to all who devote senous attention to microscopic 
work as a means of comparing the continental views and modes of thought with those of their own 
and other coimtries. '-•Times, 

Astronomy* 

ASTRONOMY. By the late Rev. Robert Main, M.A. , F.R.S.» 
formerly Radclifife Observer at Oxford. Third Edition, Revised and Cor- 
rected to the present time, by William Thvnne Lynn, B.A., F.R.A.S.» 
formerly of the Royal Observatory, Greenwich, ismo, 2$, cloth limp. 

" A sound and simple treatise, Tery carefully edited, and a capital book for begfamers."— 
Knowledge ^ . ^ . . ^ [timal Times. 

" Accurately brought down to the requirements of the present time by Mr. Lyxax,"—Ethte«t» 

Mecent and Fossil Shells* 

A MANUAL OF THE MOLLUSC A : Being a Treatise on Recent 
and Fossil Shells. By S. P. Woodward, A.L.S., F.G.S., late Assistant 
Palaeontologist in the British Museum. With an Appendix on Recent and 
Fossil Conchological Discoveries, by Ralph Tate, A.L.S., F.G.S. Illustrated 
by A. N. Watbrhousb and Toseph Wilson Lowrt. With 33 Plates and 
upwards of 300 Woodcuts. Reprint of Fourth Ed., 1880. Cr. 8vo, ys, 6d, cl» 
** A most valuaUe storehouse of conchological and geological information. "*5^wiMy Gouip, 

Oe&logy and Genesis* 

THE TWIN RECORDS OP CREATION; or, Geology and 
Genesis : their Perfect Harmony and Wonderful Concord, By Gborgx W.. 
Victor lb Vaux. Numerous Illustrations, reap. 8vo, 5s. cloth. 
" A vahiable contribution to the evidences of Revelation, and disposes very conduslvdy of th» 

arguments of those who would set God's Works against God's Word. No real difBculty is shirked 

and no sophistry is leA unexposed."— TA^ RocA, 



NATURAL SCIENCE, etc. 33 

DR. LARDNER' 8 COURSE OF NATURAL PHILOSOPHY. 

THE HANDBOOK OF MECHANICS. Enlarged and almost re- 
written by Benjamin Lobwy, F.R.A.S. With 378. Illastxations. Post 8vo, 
^. doth. 



"Tbepersplctilty of tb» original has been retained, and chaptets which had become obsolete 

popular, and care has been taken to snow the appUcat 
physics to the industrial arts, and to the practical business of h^."—AfiMittg' yournal. 



liave been replaced by others of more modem character. The explanations throug^hout are 
studiously popular, and care has been taken to show the application of the various bnmches of 



'Mr. Loewy has carefiilly revised the book, and bfought it up to modem requirements."— 
Nature. 

"Natural philosophy has had few exponents more able or better skilled In the art of popu- 
larising the subject tnian Dr. Lardner ; and Mr. Loewy is doing good service in fitting this trcSitae, 
and the others of the series, for use at the ^xesitjA\iniib."^cotstMan, 

THE HANDBOOK OP HYDROSTATICS AND PNEUMATICS. 

New Edition, Revised and Enlarged, by Bbnjamin Lobwy, F.R.A.S. With 

336 Illustrations. Post Svo, 5s. cloth. 

"For those 'who desire to attain an accurate knowledge of physical science without the pnv 
found methods of mathematical investigation,' this work is not merely intended, but well adapted.'* 
—Chemical News. 

" The volume before us has been carefully edited, augmented to nearly twice the bulk of the 
former edition, and all the most recent matter has been added. . . . It is a valuable text-book.' 
— Nature. 

"Candidates for pass examinations wHl find it; we think, specially suited to their requirements." 
—Enji^lish Mechanic. 

THE HANDBOOK OP HEAT, Edited and almost entirely Re- 
written by Benjamin Lobwy, F.R.A.S., &c. X17 lUusts. Post Svo, 6s. cloth. 

" The style is always clear and precise, and conveys instruction without leaving any doudines 
or lurkii^ doubts behind,"— £«^«*«W«tP'. 

"A most exhaustive book on the subject on which It treats, and is so arranged that it can be 

understood by all who desire to attain an accurate knowledge of physical science Mr. 

Loewy has included all the latest discoveries in the varied laws and effects of heat." — Standartl. 

"A complete and handy text-book for the use of students and general readers. "—^MSf/irA 
Mechanic. 

THE HANDBOOK OP OPTICS, ByDiONYSius Lardner, D.C.L., 
formerly Professor of Natural Philosophy and Astronomy in University 
College, London. New Edition. Edited by T. Olvbr Harding, B.A. Lond., 
of University College, London. With 298 Illustrations. Small Svo, 448 
pages, 5s. clotn. 

"Written by one of the ablest English scientific writers, beautifully and elaborately illustrated." 
—Mechanics Magazine. 

THE HANDBOOK OF ELECTRICITY, MAGNETISM, AND 
ACOUSTICS. By Dr. Lardner. Ninth Thousand. Edit, by George Caret 
Foster, B.A., F.C.S. With 400 Illustrations. Small Svo, 5s. cloth. 
" The book could not have been entrusted to anyone better calculated to preserve the terse and 

laddfStyle of Lardner, while correcting his errors and bringing up his work to the present state of 

scientific Icnowledgc."— Popular Science Review. 

THE HA NDBOOK OP A STRONOMY, Forming a Companion 
to the " Handbook of Natural Philosophy.'' By Dionysius Lardner, D.C.L., 
formerly Professor of Natural Philosophy and Astronomy in University 
College, London. Fourth Edition, Revised and Edited by Edwin Dunkin. 
F.R.A.S., Royal Observatory, Greenwich. With 3S Plates and upwards ot 
100 Woodcuts. In One Vol., small Svo, 550 pages, gs. 6d. cloth. 
" Probably no other book contains the same amount of information in so compendious and well* 
arranged a form— certainly none at the price at which this is offered to the ^\xh^c."—Athcnetum. 

"we can do no other than pronounce this work a most valuable manual of astronomy, and we 
strongly recommend it to all who wish to acquire a general — ^but at the same time correct — acquaint- 
ance wth this sublime science." — Quarterly journal of Science. 

"One of the most deservedly popular books on the subject . . . We would recommend not 
only the student of the elementary principles of the science, but he .who aims at mastering the 
higher and mathematical branches of astronomy, not to be without this work beside ixim,"—J*raa> 
ecu Maetttine, 

Geology. 

RUDIMENTARY TREATISE ON GEOLOGY, PHYSICAL 
AND HISTORICAL. Consisting of "Physical Geology," which sets forth 
the leading Principles of the Science ; and " Historical Geology," which 
treats of the Mineral and Organic Conditions of the Earth at each successive 
epoch, especial reference being made to the British Series of Rocks. By 
Ralph Tate, A.L.S., F.G.S., &c. With 250 Illustrations, xamo, 5s. cl. bds. 
*< The fulness of the matter has elevated the book Into a manual. Its Information Is exhaustive 
and well axtaaged."—School Board Chronicle, 

D 
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THE MUSEUM OP SCIENCE AND ART. Edited by 
DiOMYSius Lardner, D.C.L., formerly Professor of Natural Philosophy and 
Astronomy in University College, London. With upwards of 1,900 Bnerav^ 
ings on Wood. In 6 Doable Volumes, £1 is. in a new and elegant doth nnd- 
ing; or handsomely bound in half-morocco, 31s. 6d, 

%* Opinions of thb Press. 

**Tlils tetfei, besides affording popular bat sound instruction on scientific satdecti^ witii iHdck 
tiie humblest man in the country oui^ht to be acquainted, also undertakes that *— otifaig of • Com- 
moQ Things ' which every well-wisher of his kind is anxious to promote. Many thousuid copies of 
this senriceable publication have been printed, in the belief and hope that the desire for Instmctioa 
and improvement widely prevails ; and we have no fear that such enlightened £aith wUl meet widi 
disappointment. "— Times. 

" A cheap and interesting publicatloi^ aUke Informfaig and a ttiacU fe. The papers combfiM 
subjects of miportance and peat scientific knowledge^ considerable inductive powers^ and m 
popular style or treatment."— %^rto/0r. 

"The 'Museum of Sdence and Art' Is the most valuable contribution that has ever been 
made to the Scientific Instruction of every class of society."— Sir David Brbwstbk, In tfa* 
ITortk British Review. 

" Whether we consider the liberality and beauty of the illustrations, the charm of the writing; 
or the durable interest of the matter, we must express our belief that there is hardiv to be found 
among the new books one that would be welcomed by people of so many ages and ^•^stw as % 
valuable present"— £«0m^Mr. 

%* Separate book* formed from the above^ suitable for Workmen's Libraries, 

Science Classes, etc. 

Conifnon ThinoB BxpltUned, Containing Air, Earth, Fire, Water, Time,. 
Man, the Eye, Locomotion, Colour, Clocks and Watches, &c. 833 Illna- 
trations, cloth gilt, 5s. 

The Mieroaeope. Containing Optical Images, Mam^ying Glasses, Origin 
and Description of the Microscope, Microscopic Objects^ the Solar Micro- 
scope, Microscopic Drawing and Engraving, &c. 147 Illustrations, cloth 
gilt, 24. ^ 

PoptUar Geology* Containing Earthquakes and Volcanoes, the Cmst of 
the Earth, &c» 201 Illustrations, cloth gilt, 25. 6d. 

PoptUitr Bhyaies. Containing Magnitude and Minuteness, the Atmo- 
sphere, Meteoric Stones, Popular Fallacies, Weather Prognostics, the 
Thermometer, the Barometer, Sound, &c. 85 Illustrations, cloth gilt, 25. td.. 

Steam and its Usee. Including the Steam Engine, the Locomotive, and 
Steam Navigation. 89 Illustrations, cloth gilt, 25. 

Populeir Astronomy, Containing How to observe the Heavens — ^The- 
Earth, Sun, Moon, Planets, Light, Comets, Eclipses, Astronomical Infla* 
ences, &c. 182 Illustrations, cloth gilt, 4$. 6d. 

The Bee and White Ants : Their Manners and Habits. With Illustra- 
tions of Animal Instinct and Intelligence. 135 Illustrations, cloth gilt, as. 

The Electric Telegraph Popularized, To render intelligible to all who 
can Read, irrespective of any previous Scientific Acquirements, the various 
forms of Telegraphy in Actual Operation. 100 Illustrations, cloth gilt, 
IS. fid. 

Dr» Lardner's School Handbooks. 

NATURAL PHILOSOPHY FOR SCHOOLS, By Dr. Lardnbf. 

328 Illustrations. Sixth Edition. One Vol., 3s. 6d. cloth. 

*' A very convenient class-book for Jtmior students in private schools. It is intended to convey 
indear and precise terms, general nonons of all the prmcipal divisions of Physical Science."-* 
British Qttarteriy Review, 

ANIMAL PHYSIOLOGY FOR SCHOOLS, By Dr. Lardnbr. 

With 190 Illustrations. Second Edition, One Vol., 3s. 6d, cloth. 
** Clearly written, well arranged, and excellently illustrated."— (r«n&Mcr'f ChroMieU. 

lAvrdner and Bright on the Electric Telegraph. 

THE ELECTRIC TELEGRAPH, By Dr. Lardner. Re- 
vised and Re-written by E. B. Bright, F.R.A.S. 140 Illustrations. Small 
Bvo, 2S.6d. cloth. 
** One of the most readable books extant on the Electric Telegraph."— i5M(£/£rA Mechanic. 



CHEMICAL MANUFACTURES, CHEMISTRY, ttc. 35 
CHEMICAL MA NUFACTPBaS , CHEMISTRY. 

Alkali Trade, Manufacture of Sulphuric Acid, etc 

A MANUAL OF THE ALKALI TRADE, includuig the 
Manofsctare of Snlphmic Acid. Snlphala of Soda, asd BlBacluDE Fowdei. 
By John Louas, Alkaii ManufacturBr. Newcastle-upon-T^no and London. 

Te'il, '^Second Ediliop, wild Addicions. Super-royal Svo, £1 loi. eloih. 






Hie Blotvpipe, 

THE BLOWPIPE IN CHEMISTRY. MINERALOGY, AND 



GEOLOGY. ConlaioiDK all linonn Melhoda of AnbydrDuB Analjrau, many 
Working Eiamplea, and Instniolions for Making Apparalm. By Lfeol.- 
- ■" "..A.iF.G.S, Wiih 110 muBiratioQs. Second Edition, 



I Maklag Appanlua 






Commercial Chemical Analysis, 

THE COMMERCIAL HANDBOOK OF CHEMICAL ANA- 
LYSIS; or, Practical iDitrnctions (01 Ibedaterminationof the Inlrinsic 01 
Commercial Value of Substances ased In Manaikctnres, in Trades, and in 
tbE Arts. By A. NoaiiAHDi, Editor of Rose's " Treatise on Chamical 
Analysis." New Edition, to a great eileat le-wtilten by Hebrv M. Noao, 
Ph.D., P.R.S. Wilb numerous Illustrations. Cronn Svo. 111. &J.c]olti. 

Cheiniatry for Engineers, etc. 

ENGINEERING CHEMISTRY; A Practical Treatise for the 
Use of Aaalytcal Cbemlsts Eneuieers, Iron Masters, lien Founders, 
Students and others Comprisini Meltaaiis of Analysis and Valuation of the 
Prino pai Mater als used in En^eer ng Worli, with numerous Analyses, 
Eiamples and Snegestions By H Jobhu* PHiLLiPS, F.I.C.. F.C.S. 



H JOBHl 

the Great 












Dye-Wares ami Colours, 

THE VANUiL OF COLOURS AND DYE-WARES : Tbeil 
Properties Appl cations Valuations Impurities, and Sophistication] 
nseof Dyors Pr nlers Drysalters Brokers, *o. ByJ.'W. Slatbr, 
Ed Iron Rev sed and greatly Enlarged. Crovn Svo, 71. M, clottk 
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Modem Brewing and Malting, 

A HANDY BOOK FOR BREWERS: Being a Practical Guide 
to the Art of Brewing and Malting. Embracing the Omclasions of Modem 
Research which bear upon the Practice of Brewing. By Hbrbbkt Edwakds 
Wright, M.A.. Author of " A Handbook for Young Brewers." Crown Svo. 
530 pp., Z25. 6J. cloth. ijtai publuh^, 

" May l>e consulted with ailmntage by the student who b prepuiasr »»«— ff » f for »^r»«.^»«»»«w,| | 
te«'t«. whue the si-Jentific brewer wUl and in h a rrsunu of all the most Impoitant disooveries of 
modem times. The work U written thhnif^out in a clear and concise manner, and the ^sithor t^"^^^ 
irreat care to dLscnminate l«tMeen vak^ue theories and well-estaMished facts." — Brvwers' y^ummL 

" We hare \-ery peat {Jeasure m recommending this handybook, and hare no h^ &j T hB i fa 



uyififf that it is one of the best— if not the best— which has }-et been written on tbe suMect of 
lietrr-uewinfi: in this country, and it should have a place on the shelres of every brewer's iff^ ary." 
— Tk€ Brrwtv's GitardiaH. 

" Well arrantred. under special headinfl^s which separate each paragraph, and famished vitii a 
l^ood index, every facility for speedy reference is afforde- 1. ... On every debatable subject 
we have presented in an unbuise<i f3!>hioa the opinions which have been advanced in ezplansDoa 
of these points, makinj; the work exactly what it purports to be. a comprebensrre review of the 
conclusions of modem research in regard to hrcwmg.'—CJUmua/ TruJt yoHmaJ. 

Analysis and Valuation of Fuels. 

FUELS: SOLID, LIQUID, AND GASEOUS, Their Analysis 
- and Valuation. For the Use of Chemists and Engineers. By H. J. Pbilups, 
F.C.S., Analytical and Consulting Chemist to the Great Bastem Railway, 
Author of " Engineering Chemistry," &c. Second Edition, Revised and 
Enlarged. Crown Svo, 5s. cloth. [Jiat published. 



" Ouj^ht to have its place in the laboratory of every metanurgical estiWi^hmmt, and 
fuel is used on a large scale."— CA^muvz/ News. 

" Mr. Phillip!) new book cannot fail to be of wide Interest, espedaOy at the present time.**— 
Railway News, 

Bigments, 

THE ARTIST'S MANUAL OP PIGMENTS. Showing 
their Composition, Conditions of Permanency, Non- Permanency, and Adul- 
terations ; Effects in Combination with Each Other and with Vehicles ; and 
the most Reliable Tests of Purity. Together with the Science and Arts 
Department's Examination Questions on Painting. By H. C. Standagb. 
Second Edition, crown Svo, 25. 6d. cloth. 

" This work is indeed multuni'in-^rvo, and we can, with good conscience, re comm end it to 
all who come hi contact with pigments, whether as makers, dealers or \isttss."—Cfumical Review, 

Gauging. Tables and Rules for Revenue Offleers, 

Brewerg, etc, 

A POCKET BOOK OF MENSURATION AND GAUGING : 
Containing Tables, Rules and Memoranda for Revenue Officers, Brewers, 
Spirit Merchants, &c. By J. B. Mant (Inland Revenue). Second Edition, 
Revised. Oblong iRmo, 4s. leather, with elastic band. 

" This handy and useful book is adapted to the requirements of the Inland Revenue Depart- 
ment, and will be a favourite book of reference. The range of subjects is comprehensive, ana the 
arrangement simple and clear."— CHHlian. 

" Should be in the hands of every practical brewer."— ^rra/^rj* yourtuU, 



INDUSTRIAL ARTS, TRADES, AND MANUFACTURES. 

F%ou/r Manufacture^ Milling^ etc. 

FLOUR MANUFACTURE : A Treatise on Milling Science 
and Practice. By Friedrich Kick, Imperial Regierungsrath, Professor of 
Mechsmical Technology in the Imperial German Polytechnic Institute, 
Prague. Translated from the Second Enlarged and Revised Edition with 
Supplement. By H. H. P. Powlbs, Assoc. Memb. Institution of Civil Engi- 
neers. Nearly 400 pp. Illustrated with 28 Folding Plates, and 167 Woodcuts. 
Royal Svo, 255. cloth. 

" This valuable work Is, and will renudn, the standard authority on the sdence of minincr. . , 
The miller who has read and digested thb work will have laid the foundation, so to speak, of a suc> 
cessfiil career ; he will have acquired a number of greneral principles which he can proceed to 
KDoiv. In this handsome volume we at last have the accepted text-book of modem milling in good, 
Mwid English, which has little, if any, trace of the German idiom."— T'Atf MUUr. 

" The appearance of this celebrated work In English Is yvn opportune, and British mlOert 
win, we are stue, not be slow in availing themselvei of its vagpir—MiUers' GoMttt*, 
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Soap'Titaking. 

THE ART OF SOAP-MAKING : A Practical Handbook of the 
Manufacture of Hard and Soft Soaps, Toilet Soaps^ etc. Including many New 
Processes, and a Chapter on the Recovery of Glycerine from waste Leys. 
By Alexander Watt, Author oi " Electro-Metallurgy Practically Treatea/ 
&c. With numerous Illustrations. Fourth Edition, Revised ana Enlarged. 
Crown 8vo, 7s. 6d, cloth. 

"The work will prove very usefiil, not merely to the technological student; but to the practical 
soap-boiler who wishes to understand the theory of his 2xt."—<^)temical News. 

" Really an excellent example of a technical manual, entering', as it does, thoroughly and ex- 
haustively, both into the theory and practice of soap manufacture. The book is well and honestly 
done, and deserves the considerable circulation with which it will doubtless meet." — Knowledge. 

"Mr. Watt's book is a thoroughly practical treatise on an art which has almost no literature in 
our language. We congratulate the author on the success of his endeavour to fill a void in Eng^lish 
technical literature."— A^o/MfY. 

Baper Making. 

THE ART OF PAPER MAKING : A Practical Handbook of the 
Manufacture of Paper from Rags, Esparto, Straw , and other Parous Materials, 
Including the Manufacture of Pulp from Wood Fibre, with a Description of 
the Machinery and Appliances used. To which are added Details of 
Processes for Recovering Soda from Waste Liquors. By Alexander Watt, 
Author of " The Art of Soap-Making," " The Art of Leather Manufacture,'* 
&c. With Illustrations. Crown 8vo, 75. 6d. cloth. 

" This book is succinct, lucid, thoroughly practical, and includes everything of interest to the 
modem paper maker. The book, besides beii^ adl the student of paper-making will require in his 
apprenticeship, will be found of interest to the paper-maker himself. It is the latest, most practical, 
and most complete work on the paper-making art oefore the British public."— Po^r Record. 

" It may be regarded as the standard work on the subject. The book is full of valuable in- 
formation. The * Art of Paper-making,' is in every respect a model of a text-book, either for a 
technical class or for the private studeat."— Paper and Printiftg- Trades yournai. 

Leather Manufacture* 

THE ART OF LEATHER MANUFACTURE. Being a 
Practical Handbook, in which the Operations of Tanning, Currying, and 
Leather Dressing are fully Described, and the Principles of Taiming Ex- 
plained, and many Recent Processes Introduced ; as also the Methods for 
the Estimation of Tannin, and a Description of the Arts of Glue Boiling, Gut 
Dressing, &c. By Alexander Watt, Author of " Soap-Making," " Electro- 
Metallurgy," &c. With numerous Illustrations. Second Edition. Crown 
8vo, 95. cloth. 
"A sound, comprehensive treatise on tanning and Its accessories. The book is an eminently 

valuable production, which redounds to the credit of both author and pubUshers."— CA«mioM 

Bez/iewf. 

"This volume b techidcal without being tedious, comprehensive and complete wlthont behig 

prosy, and it bears on every page the impress of a master hand. We have never come across a 

Better trade treatise, nor one that so thorotighiy supplied an absolute maV—SAoe and Ltather 

Traded Chronicle, 

Boot and Shoe Making. 

THE ART OF BOOT AND SHOE-MAKING. A Practical 
Handbook, including Measurement, Last-Fitting, Cutting-Out, Closing, and 
Making, with a Description of the most approved Machinery employed. 
By John B. Leno, late Editor of St. Crispin, and The Boot and Shoe-Maker, 
With numerous Illustrations. Third Edition. i2mo, 25. cloth limp. 
" This excellent treatise is by far the best work ever written on the subject. The chapter 

on clicking, which shows how waste may be prevented, will save fifty times the price of the book." 

^Scottish Leather Trader, 

JDentistry Construction. 

MECHANICAL DENTISTRY: A Practical Treatise on the 
Construction of the various kinds of Artificial Dentures. Comprising also Use* 
ful Formulae, Tables, and Receipts for Gold Plate, Clasps, Solders, &c. &c. 
By Charles Hunter. Third Edition, Revised. With upwards of 100 
Wood Engravings. Crown 8vo, 3s. 6d. cloth. 
" The work is very practical."— ^o«/'A0' Review of Dental Surgery. 

" We can strongly recommend Mr. Hunter's treatise to all students preparing for the profession 
of dentistry, as wellas to every mechanical dentist."— ZTm^/cw youmalqf Medical Science, 

Wood I^graving. 

WOOD ENGRA VING : A Practical and Easy Introduction to the 
Study of the Art, By William Norman Brown. Second Edition. With 
numerous Illustrations. lamo, is. td. cloth limp. 

" The book is clear and complete, and will be useful to anyone wanting to understand the first 
elements of the beautiful art of wood engraving."— (rr»/Aif. 
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Hardoffy, 

A TREATISE ON MODERN HOROLOGY, in Theory and Prae- 
tice. Translated from the French of Claudius Saunier, ex-Director of the 
School of Horology at Ma9on, by Julien Tripplin, F.R.A.S., Besancon 
Watch Manufactarer, and Edward Rigg, M.A., Assayer in the Royal Mmt. 
With 78 Woodcuts and 22 Coloured Copper Plates. S^ond Edition. Super- 
royal 8vo, £2 25. cloth ; £2 los. half-cali. 
" There is no horoloeical work in 



. the English language at aU to be compared to diis Droduc- 
tion of M. Saunter's for (Hieamess and completeness. It is alike good as a guide for the stu«ait and 
as a reference for the experienced horologist and skilled yTox)uxaxi."—Horoiogical youmal. 

" The latest, the most complete, and the most reliable of those literary productions to which 
continental watchmakers are indebted for the mechanical superiority over their English br^hrea 
—in fact, the Book of Books, is M. Saunier's 'TxeaXisa."'~'fVatchmaJUr, JewtUeraniSHvarsmiih, 

Watchmaking. 

THE WATCHMAKER'S HANDBOOK. Intended as a Work- 
shop Companion for those engaged in Watchmaking and the Allied Mechani- 
cal Arts. Translated from the French of Claudius Saunier, and considera- 
ably enlarged by Julien Tripplin, F.R.A.S., Vice-President of the 
Horological Institute, and Edward Rigg, M.A., Assayer in the Royal Mint. 
With numerous Woodcuts and 14 Copper Plates. Third Edition. Crown 
8vo, 9s. cloth. 

" Each part is truly a treatise in itself. The arrangement is good and the language is clear and 
concise. It is an admirable t!uide for the young watchmaker." — Engineerings. 

" It is impossible to speak too highly of its excellence. It fulfils every requirement in a hand- 
book intended for the use of a workman. Should be found in every workshop."— ^diiM and 
Clockmaker, 

" This book contains an immense number of practical details bearing on the daily occupatiao 
of a watchmaker." — WeUchmaker and Metalworker (Chicago). 

Watches and Timekeepers. 

A HISTORY OF WATCHES AND OTHER TIMEKEEPERS. 
By James F. Kendal, M.B.H.Inst. 250 pp., with 88 Illustrations, is. 6d, 
boards ; or 25. 6d. cloth gilt. [>«s^ published, 

"Mr. Kendal's book, for its size, is the best which has yet appeared on this subject in the 
English language."— /wrf/w/rtf J. 

" Open the Dook where you may, there is interesting matter in it concerning the ingenious 
devices of the ancient or modem horologer. The subject is treated in a liberal and entectainins^ 
spirit, as might t>e expected of a historian who is a master of the craft."— 5a/Mr</aj' RexHew. 

Electrolysis of Oold, Silver^ Copper^ etc. 

ELECTRO-DEPOSITION : A Practical Treatise on the Electrolysis 
of Gold, Silver, Copper, Nickel, and other Metals and Alloys. With deacrii>. 
tions of Voltaic Batteries, Magneto and Djmamo-EIectric Machines, Ther- 
mopiles, and of the Materials and Processes used in every Department of 
the Art, and several Chapters on Electro> Metallurgy. By Albxandkr 
Watt, Author of " Electro- Metallurgy," &c With numerous Illustrations. 
Third Edition, Revised and Corrected. Crown 8vo, 95. cloth. 
"Eminen^y a book for the practical worker in electro-deposition. It contains practical 

descriptions ot methods^ processes and materials as actuafly pursued and used in th« workshop.** 

—Engiftetr, 

MectrO'MetaUurgy. 

ELECTRO-METALLURGY : Practically TreaUd. By Alexander 
Watt, Author of " Electro-Deposition," &c. Ninth Edition, Enlarged and 
Revised, with Additional Illustrations, and including the most recent 
Processes. i2mo, 4s. cloth boards. 

"From this book both amateur and artisan may leazn everything necessary for tiie sucoeesftil 
prosecution of electroplating."— /roM. 

Working in Gold. 

THE JEWELLER'S ASSISTANT IN THE ART OF WORK- 
JNG IN GOLD : A Practical Treatise for Masters and Workmen, Compiled 
from the Experience of Thirty Years' Workshop Practice. By George E. 
Gee, Goldsmith and Silversmith, Author of *' The Goldsmith's Handbook,'* 
&c. Crown 8vo, ys. 6d. cloth. [Just published. 

" This manual of technical education is apparently destined to be a valuable auxiliary to a 
handicraft which is certainly capable of great improvement."— 77r/ Times. 

" This volume will be very useful in the workshop, as the knowledge is practical, having been 
acquired by long experience, and all the recipes and directions are guaranteed to be successful if 
properly worked out,"-^3^€7veUer and Metalworker, 
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Electroplating* 

ELECTROPLATING : A Practical Handbook on the Depoa- 
tion of Copper, Silver, Nickel, Gold, Aluminium, Brass, Platinum, &c. &c. 
With Descriptions of the Chemicals, Materials, Batteries, and Dynamo 
Machines used in the Art. By J. W. Urquhart, C.E., Author of " Electric 
Light," &c. Second Edition, Revised, with Additions. Numerous Illustra- 
tions. Crown 8vo, 5s. cloth. 
" An excellent practical miinual." — Engineering-, 
" An excellent work, giving^ the newest information."— /r<»ro/tf£ia»/ journal, 

EHectrotypingm 

ELECTROTYPING : The Reproduction and Multiplication of Print- 
ing Surfaces and Works of Art by the Electro-deposition of Metals, By J. W, 
Urquhart, C.E. Crown 8vo, 5s. cloth. 
" The book is thoroughly practical. The reader Is, therefore, conducted through the leadlnflf 

uws of electricity, then through the metals used by electrotypers, the apparatus, andtlie depositing 

processes, up to the final preparation of the work."— ^r^ yourttat. 

Goldsmiths^ Work. 

THE GOLDSMITH'S HANDBOOK, By Georgb E. Gee. 

Jeweller, &c. Third Edition, considerably Enlarged, xamo, 3s. 6<i. cl. bds. 
"A good, sound educator, and will be generally accepted as an a!aXhoxiXy."--Horel^'icai 
youmaL 

SUversnUths^ Work. 

THE SILVERSMITH'S HANDBOOK, By George E. Gee, 
Jeweller, &c. Second Edition, Revised, with numerous Illustrations, xamo, 
35. 6d, cloth boards. 

"The chief merit of the work is its practical character. . . The workers in th« tiada wUl 
speedily discover its merits when they sit down to study xt,''-^Bngiish Mechanic. 

*i^* The above two works together ^ strongly haif-boundt price 75. 

Bread €Uid Biscuit Baking, 

THE BREAD AND BISCUIT BAKER'S AND SUGAR- 
BOILER'S ASSISTANT. Including a large variety of Modern Recipes. 
With Remarks on the Art of Bread-making. By Robert Wblls, Practical 
Baker. Second Edition, with Additional Recipes. Crown 8vo, 2g, cloth. 
" A large number of wrinkles for the ordinary cook, as well as the baker."— So/wnAu' Review, 

Confectionery for Hotels and Bestaurants. 

THE PASTRYCOOK AND CONFECTIONER'S GUIDE. 
For Hotels, Restaurants and the Trade in general, adapted also for Family 
Use. By Robert Wells, Author of " The Bread and Biscuit Baker's ana 
Sugar-Boiler's Assistant." Crown 8vo, 2s, cloth. 

" We cannot speak too highly of this really excellent work. In these days of keen competitioo 
our readers cannot do better than purchase ttus hook."— BaJters' Times. 

Ornamental Confectionery. 

ORNAMENTAL CONFECTIONERY: A Guide for Bakers, 
Confectioners and Pastrycooks ; including a variety of Modem Recipes, and 
Remarks on Decorative and Coloured Work. With 129 Original Designs. 
By Robert Wells, Practical Baker, Author of " The Bread and Biscuit 
Baker's and Sugar-Boiler's Assistant," &c. Crown 8vo, cloth gilt, 55. 
" A valuable work, practical, and should be in the hands of every baker and confectioner.' The 
illustrative designs are alone worth treble the amount charged for the whole work."— ^o^mv* Times. 

Flour Confectionery, 

THE MODERN FLOUR CONFECTIONER. Wholesale and 

Retail. Containing a large Collection of Recipes for Cheap Cakes, Biscaits, 

&c. With Remarks on the Ingredients used in their Manufacture. To 

"which are added Recipes for Dainties for the Working Man's Table. By 

R. Wells, Author of "The Bread and Biscuit Baker," &c. Crown 8vo, as.cl. 

' The work is of a decidedly practical character, and in every recipe regard is had to economi' 
cal working."— A'iJr/A British Daily MaU. 

iMwndry Work. 

LA UN DRY MANAGEMENT. A Handbook for Use in Private 
and Public Laundries, Including Descriptive Accounts of Modern Machinery 
and Appliances for Laundry Work. By the Editor of "The Laundry 
Journal/' With numerous Illustrations. Crown 8vo, 2$. 6d, cloth. 

" This book should certainly occupy an honoured place on the shelves of all housekeqoefe 
4rho wish to keep themselves au courant of the newest appliances and methods."— TMi^ Queen. 
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HANDYBOOKS FOB HANDICBAFTS. 

By PAUL N. HASLUCK, 

Editor of "Work" (New Series); Author of •' Lathework," "Milling 

Machines and Processes," etc. 

Crown 8vo, 144 pages, cloth, price 15. each. 

IS" r/jfs^ Handybooks have been written to supply information for V^okkvlb.^, 
Students, ami Amateurs in tJie several Handicrafts^ on the actual Practice of 
the Workshop, and are intended to convey in plain language Technical Know- 
ledge of the several Crafts. In describing the processes employed, and the manipu- 
lation of material, workshop terms are used ; workshop practice is fully explained ; 
and the text is freely illustrated with drawings of modem tools, appliances^ and 
processes. The information given will thus be found useful, not only oy the young 
oeginner, but by the veteran whose range of experience has been narrowed under a 
system of divided labour ; while the amateur will find himself introduced to the very 
atmosphere and surroundings of the workshop. 

In view of the wide circulation which the Handybooks have already attained'^ 
and the yet wtder circulation which must accrue from the facilities for Manual In- 
struction now provided by Local Authorities in pursuance of recent legislation, 
it has been decided to issue them at the price of One Shilling each, 

*if* The following Volumes are now ready : 

THE METAL TURNER'S HANDYBOOK. A Practical Manual 
for Workers at the Foot-Lathe. With over 100 Illustrations. Price is. 



II ' 



' The book will be of service alike to the amateur and the artisan turner. It displays thorough 
knowledge of the subject."— Sw/jwaw. 

THE WOOD TURNER'S HANDYBOOK. A Practical Manual 

for Workers at the Lathe. With over 100 Illustrations. Price is. 

"We recommend the book to young turners and amateurs. A multitude 0/ workmen have 
hitherto sought in vain for a manual of thu special industry."— il/(;£Aa»*ca/ JVorkU 

THE WATCH JOBBER'S HANDYBOOK. A Practical Manual 
on Cleaning, Repairing, and Adjusting, With upwards of 100 Illustrations. 
Price IS. 

"We strongly advise all yoimg persons connected with the watch trade to acquire and study- 
this inexpensive ^Qx\i."—CUrk€nv)€U Chronicle. 

THE PATTERN MAKER'S HANDYBOOK. A Practical 
Manual on the Construction of Patterns for Founders. With upwards of 
100 Illustrations. Price is. 

•• A most valuable, if not indispensable, manual for the pattern mdk<ex."—Kn<ywle4ge. 

THE MECHANIC'S WORKSHOP HANDYBOOK. A Practical 
Manual on Mechanical Manipulation. Embracing Information on various 
Handicraft Processes, with Useful Notes and Miscellaneous Memoranda. 
Comprising about 200 Subjects. Price is. 

" A very clever and useful book, which should be found in every workshop ; and it should 
certainly find a place in all technical schools."— Saturday Review. 

THE MODEL ENGINEER'S HANDYBOOK, A Practical 
Manual on the Construction of Model Steam Engines. With upwards of 100 
Illustrations. Price is. 
"Mr. Hasluck has produced a very good little hook."— Sttiider. 

THE CLOCK JOBBER'S HANDYBOOK. A Practical Manual 
on Cleaning, Repairing, and Adjusting. With^upwards of 100 Illustrations. 
Price IS. 

" It is of inestimable service to those commencing the tx&de."— Coventry Stattdard, 

THE CABINET WORKER'S HANDYBOOK : A Practical 

Manual on the Tools, Materials, Appliances, and Processes employed in 
Cabinet Work. With upwards of 100 Illustrations. Price is. 

"Mr. Hasluck's thoroughgoing little Handybook is amongst the most practical guides we have 
seen for beghiners in cabinet-work."— ia/wrafay Revieiv. 

♦*♦ The following are in prepai'ation : 
THE WOODWORKER'S HANDYBOOK. 
THE METALWORKER'S HANDYBOOK. 
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COMMERCE, COU NTING-HOUSE WO RK, TABLES, etc. 

Commercial Educatiou. 

LESSONS IN COMMERCE, By Professor R. Gambaro, of 

the Royal High Commercial School at Genoa. Edited and Revised by James- 

Gault, Professor of Commerce and Conmiercial Law in King's College,. 

London. Crown 8vo, 35. 6d. cloth. 

*• The publishers of this work have rendered considerable service to the cause of commercial 

education by the opportune production of this volume. . . . The work is peculiarly acceptable 

to English readers and an admirable addition to existing class-books. In a phrase, we think the 

work attains its object in furnishing a brief account of those laws and customs of British trade with 

which the commercial man interested therein should be familiar." — Chamber q/Commcrceyoitmal, 

Foreign Com^merdal Correspondence* 

THE FOREIGN COMMERCIAL CORRESPONDENT: Being 
Aids to Commercial Correspondence in Five Languages — English, French, 
German, Italian, and Spanish. By Conrad E. Baker. Second Edition. 
Crown 8vo, 3s. 6d. cloth. 
*' Whoever wishes to correspond in all the languages mentioned by Mr. Baker cannot do better 

than study this work, the materials ofwhich are excellent and conveniently airanged."—AtA€naufn. 
" A careful examination has convinced us that it is unusually complete, well arranged, and 

reliable. The book is a thoroughly good one," —Schoolmaster, 

Accounts for Manufacturers. 

FACTORY ACCOUNTS: Their Principles and Practice. A 
Handbook for Accountants and Manufacturers, with Appendices on the No- 
menclature of Machine Details ; the Income Tax Acts ; the Rating of Fac- 
tories; Fire and Boiler Insurance; the Factory and Workshop Acts, &c.|, 
including also a Glossary of Terms and a large number of Specimen Rulings. 
B^ Emilb Garcke and J. M. Fblls. Third Edition. Demy 8vo, 250 pages,, 
price 6s. strongly bound. 
"A very interesting description of the requirements of Factory Accoimts. . . . theprinclplet 

of assimilating the Factory Accounts to the general commercial books is one which we thorougnly 

agree vnth."—^a:ounianes' youmal. 

" Characterised by extreme thoroughness. There are few owners of factories who wotild not 

derive great benefit from the perusal of this most admirable work."— -Zoco/ Guvemmeni Chronicle^ 

Intuitive Calculations. 

THE COMPENDIOUS CALCULATOR: or, Easy and Con- 
cise Methods of Performing the various Arithmetical Operations required ia 
Commercial and Business Transactions, together with Useful Tables. By 
Daniel O'Gorman. Corrected and Extendfed by Professor J. R. Younq.. 
Twenty-seventh Edition, Revised by C. Norris. Fcap. 8vo, 25, 6d, cloth 
limp ; or, 3s. 6d, strongly half-bound in leather. 
*' It would be difficult to exaggerate the usefulness of a book like this to everyone engaged in' 

commerce or manufacturing industiy. It is crammed full of rules and formulae for shortening and 

employing calculations." — KnoTuUdge, 

Modem Metrical Units and Systems. 

MODERN METROLOGY : A Manual of the Metrical Units 
and Systems of the Present Century. With an Appendix containing a proposed 
English System. By Lowis D'A. Jackson, A.M.Inst.C.E., Author of *' Aid 
to Survey Practice," &c. Large crown 8vo, las. 6d. cloth. 

" We recommend the work to all interested in the practical reform of our weights and mea- 
sures."— A'ia^wrf. 

The Metric System and the British Standards. 

A SERIES OF METRIC TABLES, in which the British Stand- 
ard Measures and Weights are compared with those of the Metric System at present 
in Use on the Continent. By C. H. Dowling, C.E. 8vo, io«. 6^. strongly bound. 
"Mr. Dowling's Tables are well put together as a ready-reckoner for the conversion of one 
syston into the oxaeT."—^th€n(gum. 

Iron and Metal Trades' Calculator. 

THE IRON AND METAL TRADES' COMPANION. For 
expeditiously ascertaining the Value of any Goods bought or sold by Weight, 
from 15. per cwt. to 1125. per cwt., and from one farthing per pound to one 
shilling per pound. By Thomas Downie. Strongly bound in leather>. 
3Q6pp., 9S. 

" A most useful set of tables ; nothing like them before existed."— Buildinjgr News. 
" Although specially adapted to the iron and metal trades, the tables will be found useful ii> 
every other business hi which merchandise is bought and sold by weiehW—RetilVH^y News. 
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CcUctUatar for Numbers and Weights Combined^ 

THE NUMBER, WEIGHT, AND FRACTIONAL CALCU- 
LA TOR, Containing upwards of 250,000 Separate Calculations, showing at 
a glance the value at 422 difierent rates, ranging from rh[ih. of a Penny to 
20s. each, or per cwt., and £20 per ton, of any number ot articles consecu- 
tively, from I to 470. — Any number of cwts., qrs., and lbs., from z cwt. to 470 
cwts. — Any nimiber of tons, cwts., qrs., and lbs., from z to 1,000 tons. By 
William Chadwick, Public Accountant. Third Edition, Revised and Im* 
proved. 8vo, price i8s., strongly bound for Office wear and tear. 
KST Is adapted for the use of Accountants and Auditors^ Railway Companies, 
Canal Companies, Shippers, Shipping Agents, General Carriers, etc. Ironfounders, 
BrassfounderSf Metal Merchants, Iron Manufacturers, Irontnongers, Engineers, 
Machinists, Boilet Makers, Millwrights, Roofing, Bridge and Girder Makers, Colliery 
Proprietors, etc. Timber Merchants, Builders, Contractors, Architects, Surveyors, 
Auctioneers, Valuers, Brokers, Mill Owners and Manufacturers, MUl FumisherSt 
Merchants, and General Wholesale Tradesmen. Also for the Apportionment of 
Mileage Charges for Railway Traffic. 

*»* Opinions of the Press. 
" It is easy of reference for any answer or any number of answers as a dictionanr, and the 
references are even more quickly made. For ni»kin^ up accounts or estimates the book must 
prove invaluable to all who have any considerable quantity of calculations involving' price and 
measure in any combination to do." — Ettgineer. 

" The most complete and practical ready reckoner which it has been our fortune yet to see. It 
is difficult to imaj^ine a trade or occupation in which it could not be of the greatest use, either in 
saving human lal>our or in checking work. The publishers have placed within the reach of every 
■ commercial man an invaluable and unfailing assistant.*' — TAe Miller, 

Harben's Comprehensive Weight CciZculatar. 

THE WEIGHT CALCULATOR. Being a Series of Tables 

upon a New and Comprehensive Plan, exhibiting at One Reference the exact 

value of any Weight from i lb. to 15 tons, at 300 Progressive Rates, from xd, 

to i68s. per cwt., and containing 186,000 Direct Answers, which, with their 

Combinations, consisting of a single addition (mostly to be performed at 

sight), will afiord an aggregate of 10,266,000 Answers; the whole being calcn- 

lated and designed to ensure correctness and promote despatch. By Hbnrt 

Harben, Accountant. Fourth Edition, carefully Corrected. Royal 8vOy 

£1 55., strongly half-bound. 

" A practical and usefUl work o 
Idnd we nave seecL."—IroHfnonger. 



A practical and usefUl work of reference for men of business generally ; It Is the best of tlia 

ire nave seecL."—IroHfnonsrer. 

Of priceless value to budness men. It is a necessary book in all mercantile oflSces."— %SA«^ 



Jield Inde/eneUnt. 

Harben's Comprehensive IHscount Guide, 

THE DISCOUNT GUIDE, Comprising several Series of 
Tables for the use of Merchants, Manufacturers^ Ironmongers, and others, 
by which may be ascertained the exact Profit arismg from any mode of using 
Discounts, either in the Purchase or Sale of Goods, and the method of either 
Altering a Rate of Discount or Advancing a Price, so as to produce, by one 
operation, a sum that will realise any required profit after allowing one or 
more Discounts : to which are added Tables of Profit or Advance fr^m if to 
Qo per cent. Tables of Discount from i^ to 98I per cent., and Tables of Com- 
mission, &c., from I to 10 per cent. By Henry Harben, Accountant, Author 
of " The Weight Calculator." New Edition, carefully Revised and Corrected. 
Demy 8vo, 544 pp., £1 5s. half-bound. 

"A book such as this can only be appreciated by Inisln^ss men, to whom the savbiff of time 

■means savin^r of money. We have the higfh authority of Professor J. R. Younsf that the tatdes 

throughout the work are constructed upon strictly accurate principles. The work is a model 

-of typographical clearness, and must prove of great value to merchants, manufacturer^ aad 

-general traders."^^rMrA Trade youmoL 

Iron Shipbuilders' and Merchants' Weight Tables, 

IRON -PLATE WEIGHT TABLES: For Iron Shipbuilders, 
Engineers, and Iron Merchants. Containing the Calculated Weights of up- 
wards of 150,000 different sizes of Iron Plates, from i foot by 6 in. by \ in. to 
10 feet by 5 feet by i in. Worked out on the basis of 40 lbs. to the square 
foot of Iron of i mch in thickness. Carefully compilea and thorou^ly Re- 
vised by H. BuRLiNSON and W. H. Simpson. Oblong 4to, 25s. half-bound. 

*' This work will be found of great utility. The authors have had much practical experience 
of what is wanting in making estimates; and the use of the book hUI save much time la wWng 
-elaborate calailatfons. "—English Mechanic. 
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**The Standard Treatise on Agriculture,'' 

THE COMPLETE GRAZIER, and FARMER'S and CATTLR- 
BREEDER'S ASSISTANT : A Compendium of Husbandry. Originally 
Written by William Youatt. Thirteenth Edition, entirely Re-written, 
considerably Enlarged, and brought up to the Present Requirements of 
Agricultural Practice, by William Fream, LL.D., Steven Lecturer in the 
University of Edinburgh, Author of "The Elements of Agriculture," &c. 
Royal 8vo, 1,100 pp., with over 450 Illustrations. Price £i us. 6d. strongly 
and handsomely bound. LJ*ist published. 

Extract from Publishers' Advertisement, 

" A treatise that made its original appearance in the first decade of the century, and that enters 
upon its Thirteenth Edition before the century has run its course, has undoubtedly established its 
position as a work of permanent value. It has been deemed expedient, therefore, to retain, as far 
as possible, in the present edition those features of Youatt °s Work which must have commended 
themselves to general approval. 

" The phenomenal progress of the last dozen years in the Practice and Science of Farming has 
rendered it necessary, however, tliat the volume should be re-written, and the publishers were 
fortunate enough to secure for the revision the services of Dr. Fream, whose high attainments {in 
all matters pertaining to agriculture have been so emphatically recognised by the highest pro - 
fessional and official authorities. In carrying out his editorial duties, Dr. FreaM has been 
favoured with valuable contributions by Prof. J. Wortley Axe, Mr. E. BROWN, Dr. BERNARD 
DYER, Mr. W. J. MALDEN, Mr. R. H. REW, Prof. SHELDON, Mr. J. SINCLAIR, Mr. SANDERS 
Spencer, and others. 

" No p>ains have been spared to make the illustrations as representative and characteristic as 

.... .^ -/. .• , - r.^^ji. /— ... . — • — X ._-. .- the work; and amongst 




on the part of either 

Editor or Publishers to make this rfew Edition of THE COMPLETE GRAZIER a faithful mirror of 
agricultural progress and a reliable record of modem practice in farming, and, as such, deserving of 
the reputation gained by the work {vide Mark Lane Express) as * a treatise tuhich "will remain a 
standard w ork on th e subj e ct as long' as British agriculture endures' " 

Summary of Contents, 



Book I. On the Varieties, Breed- 
ing, Rearing, Fattening, and 
General Management of Cattle. 

Book II. On the Economy and Man- 
agement OF the Dairy. 

Book III. On the Breeding, Rear- 
ing, and Management of Horses. 

Book IV. On the Breeding, Rear- 
ing, and Fattening of Sheep. 

Book V. On the Breeding, Rearing, 
and Fattening of Swinb. 

Book VI. On the Diseases of Live 
Stock. 



Book VII. On the Breeding, Rear- 
ing, AND Management of Poultry. 

Book VIII. On Farm Offices and 
Implements of Husbandry. 

Book IX. On the Culture and Man- 
agement of Grass Lands. 

Book X. On the Cultivation and 
Application of Grasses, Pulse, 
AND Roots. 

Book XI. On Manures and their 
Application. 

Book XII. Monthly Calendars of 
Farmwork throughout the Year. 



*♦* Opinions of the Press on Previous Editions. 

" The standard text-book with the fanner and mzx&c"— Farmer's Magazine. 

" A treatise which will remain a standard woirk on the subject as long as British ajfriculture 
endures." — Mark Lane Express (first notice). 

" The book deals with all departments of agriculture, and contains an immense amount of 
valuable information. It is, in fact, an encydopafdia of agriculture put into readable form, and it 
is the only work, equally comprehensive brought down to present date. It deserves a place in the 
library or every agriculturist."— J/ar/fe Lane Express (second notice). 

British Farm Live Stock. 

FARM LIVE STOCK OF GREAT BRITAIN. By Robert 
Wallace. F.L.S., F.R.S.E., &c., Professor of Agriculture and Rural Eco- 
nomy in the University of Edinburgh. Third Edition, thoroughly Revised 
and considerably Enlarged. With over 120 Phototypes of Stock. Demy 8vo, 
384 pp., with 79 Plates and Maps, price 125. 6d. cloth. [J[^i pubhshed. 

" A valuable, if not an indispensable, addition to every agricultural library worthy of the name. 

and an excellent gift-book to all who are, or are likely to become, concerned in the care and 

management of live stock in any pi3S\\.ion."—Agriailtural Economist. 

"Few country gentlemen who take up this book will care to put it down again until they have 

looked at its hunared phototypes of prize cattle, sheep, pigs, ana horses— the very best collection 

we have ever sc/tn."— Saturday Review. 
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J>airy Farming* 

BRITISH DAIRYING. A Handy Volume on the Work of the 
Dairy 'Farm. For the Use of Technical Instruction Classes, Students in 
Agricultural Colleges, and the Working Dairy-Farmer. By ProfJ. P. Sheldon, 
liite Special Couimissioncr of the Canadian Government, Autnor of " Daily 
Farming," " The Farm and the Dairy," &c. With numerous Illustrations. 
Crown bvo, 25. 6J. cloth. IJust published. 

Agricultural Facts and Figures. 

NOTE-BOOK OF AGRICULTURAL FACTS AND FIGURES 
FOR FARMERS AND FARM STUDENTS. By Primrosb McConnsxx, 
B.Sc, Fellow of the Highland and Agricultural Society. Fourth Sditicm. 
Royal 33mo, roan, gilt edges, with band, 45. 

" Literally teems with information, and we can cordiaUy recommend it to aQ connected witb 
Bfpicultux9."— North British Agriculturist. 

Small Farm^ing. 

SYSTEMATIC SMALL FARMING; or, The Lessons of my 

Farm. Being an Introduction to Modern Farm Practice for Small Farmers. 
By Robert Scott Burn, Author of "Outlines of Modem Farming;" &c. 
With numerous Illustrations, crown 8vo, 65. cloth. 

' ** "This Is the completest boolc of its class we have seen, and one wliich ereiy amatenr ftnner 
will read with pleasure and accept as a guide."— /^t«^. 

" The volume contains a vast amount of useful Information. No brandi of fknnfaifir is left 
untouched, from the labour to be done to the results achieved. It may be safely recommended to 
all who think they will be in paradise when they buy or rent a three-acre faxmm"— Glasgow Htruid., 

Modem Farming. 

OUTLINES OF MODERN FARMING. By R. Scott Burn. 
Soils, Manures, and Crops— Farming and Farming Economy— Cattle, Sheen^ 
and Horses — Management of Dairy, Pigs, and Poultry — Utilisation of 
Town-Sewage, Irrigation, &c. Sixth Edition. In One Vol., 1,250 pp., half- 
bound, profusely Illustrated, 12s, 

" The aim of the author lias been to make Ids work at once comprelienslve and t r ust w mtl qFt 
and In this aim he has succeeded to a degree which entitles him to mudi credit.** — Mtmimg 
Advertiser. " No fjaurmer should be without this book."— ^a»^ry Guardian. 

Agricultwral Engineering. 

FARM ENGINEERING, THE COMPLETE TEXT-BOOK OP. 

Comprising Draining and Embanking ; Irrigation and Water Supply ; Farm 
Roads, Fences, and Gates ; Farm Buildings, their Arrangement and Con- 
struction, with Flans and Estimates; Barn Implements and Machines ; Field 
Implements and Machines ; Agricultural Surveying, Levelling, &c. By Ftof. 
John Scott, late Professor of Agriculture and Rural Economy at the Rojral 
Agricultural College, Cirencester, &c. &c. In One Vol., 1,150 pages, half- 
bound, with over 600 Illustrations, i2s. 

"Written with great care, as well as with Icnowledge and ability. The author has done his 
work well ; we have found him a very trustworthy guide wherever we have tested his statenDeiits« 
The volume will be of great value to agricultural students,"— Afar^t Lane Ei^ess. 

"For a yotmg agriculturist we know of no handy volume likely to be more mefiiBy rtiidtod." 
—SelTs WuUy Messenger. 

Agricultu/ral Text-Book. 

THE FIELDS OF GREAT BRITAIN : A Text-Book of 

Agriculture, adapted to the Syllabus of the Science and Art Department 
For Elementary and Advanced Students. By Hugh Clements (Board of 
Trade). Second Edition, Revised, with Additions. i8mo, 25. 6d. cloth. 

"A most comprehensive volume, giving a mass of iDformation."— Agricultural Econotnisf.. 
"It is a long time since we have seen a book which has pleased us more^ or which contains 
such a vast and useful fund of knovleds^e."— Educational Times. 

Tables for Farmers, etc. 

TABLES, MEMORANDA, AND CALCULATED RESULTS 

for Farmers, Graziers, Agricultural Students, Surveyors, Land Agents, Auc^ 
tioneers, etc. Selected and Arranged by Sidney Francis. Second Edition, 
Revised. 272 pp., waistcoat-pocket size, 15. 6d, limp leather. 

" Weighing less than x oz.. and occupying no more space than a match box, it cont£uns a mass 
of facts and calculations which has never before, in such handy form, been obtainable. We 
cordially recommend it."— Bell's IVeeAly Messenger. 
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l^he Management of Bees. 

BEES FOR PLEASURE AND PROFIT : A Guide to the 
Manipulation of Bees, the Production of Honey, and the General Manage- 
ment of the Apiary. By G. Gordon Samson. With numerous Illustrations. 
Crown 8vo, is. cloth. 
" The intending bee-keeper will find exactly the kind of information required to enable him 

to make a successfiH start with his hives. The author is a thoroughly competent teacher, and his 

■book may be commended." — Mortting' Post. 

Farm and Estate Book-keeping, 

BOOK-KEEPING FOR FARMERS * ESTATE OWNERS. 
A Practical Treatise, presenting, in Three Plans, a System adapted for all 
Classes of Farms. By Johnson M. Woodman, Chartered Accomitant. Second 
Edition, Revised. Cr. 8vo, 3s. 6d. cl. bds. ; or 2$. 6d. cl. limp. 
" The volume is a capital study of a most important subject."— Agrictiitural Gazette. 

Farm Account Book. 

WOODMAN'S YEARLY FARM ACCOUNT BOOK. Giving 
a Weekly Labour Account and Diary, and showing the Income and Expen- 
diture under each Department of Crops, Live Stock, Dairy, &c. &c. with 
Valuation, Profit and Loss Account, and Balance Sheet at the end of the 
Year. By Johnson M. Woodman. Chartered Accoantant, Author of Book- 
keeping for Farmers." Folio, 7s. 6a. half 'bound. IciOtttre. 
"Contains every requisite form for keepin^f farm accounts readily and accurately."— ^.frt- 

Early Fruits^ Flowers, and Vegetables. 

THE FORCING GARDEN; or, How to Grow Early Fruits, 
Flowers, and Vegetables. With Plans and Estimates for Building Glass- 
houses, Pits, and Frames. With Illustrations. By Samubl Wood. Crown 
8vo, 3s. 6d. cloth. 

" A good book, and fairly fills a place that was in some degrree vacant.' The book is written with 
.great care, and contains a great deal of valuable teachxag."— Gardeners' Mag^azine. 

Good Gardening* 

A PLAIN GUIDE TO GOOD GARDENING ; or. How to Grow 
Vegetables, Fruits, and Flowers. By S. Wood. Fourth Edition, with conj 
siderable Additions, &c., and numerous Illustrations. Crown 8vo, 3s. 6d, cl. 
" May be recommended to young gardeners, cottagers, and specially to amateurs, for the 

plain, simple, and trustworthy information it gives on common matters too often .neglected."— 

Gardeners' Chronicle, 

Gainful Gardening. 

MULTUM-IN-PARVO GARDENING; or, How to make One 
Acre of Land produce £620 a-year by the Cultivation of Fruits and Vegetables ; 
also, How to Grow Flowers in Three Glass Houses, so as to realise £176 per 
annum clear Profit. By Samuel Wood, Author of "Good Gardening," &c. 
Fifth and Cheaper Edition, Revised, with Additions. Crown 8vo, is. sewed. 
"We are bound to recommend it as not only suited to the case of the amateur and genttomaa's 
.gardener, but to the market grower." — Gardeners' Ma^aMine, 

Gardening for Ladies. 

THE LADIES' MULTUM-IN-PARVO FLOWER GARDEN, 
and Amateurs* Complete Guide. With lUusts. By S. Wood. Cr.Bvo, 3s. W. cl, 

" This volume contains a good deal of sound, common sense instruction."— ^^rfr/L 

" Full of shrewd hints and useful instructions, based on a lifetime of experience."— ^S^o^lrmaM, 

Receipts for Gardeners* 

GARDEN RECEIPTS. Edited by Charles W. Quin, i2mo, 

IS. 6d. cloth limp. 
" A useful and handy book, containing a good deal of valuable haf orvaaAon."— A thenaum. 

Market Gardening* 

MARKET AND KITCHEN GARDENING. By Contributors 
to "The Garden." Compiled by C. W, Shaw, late Editor of *' Gardening 
Illustrated." z2mo, 3s. 6d. cloth boards. 
" The most valuable compendium of kitchen and market-garden work published."— /firmer. 

Cottage Gardening* 

COTTAGE GARDENING ; or, Flowers, Fruits, and Vegetables for 
Small Gardens, By E. Hobday, xamor is. 6d. cloth limp. 
" Contains much useful information at a small charge."— C/ajr^(;z<; Herald. 
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AUCTIONEERING, VALUINO, LAND SURVEYING 

ESTATE AGENCY, etc. 



Auctioneer's Assistant* 

THE APPRAISER, A UCTIONEER, BROKER, HOUSE AND 
EST A TB A GENT ANDVAL UER'S POCKET A SSISTA NT, for the Valuap 
tlon for Purchase, Sale, or Renewal of Leases, Annuities and Reversions, and 
of property generallr; with Prices for Inventories, &c. Bv John Whbblbr, 
Valuer, &c. Sixth Edition, Re-written and greatly eztended by C. Norris, 
Surveyor, Valuer, &c. Royal 32mo, 5s. cloth. 

" A neat and condse book of reference, containing an admirable and deaiiy-ananged list of 
prices for inventories, and a very practical guide to determine the value of fumitiire,&c."— JiibuMf^crt^ 

" Contains a large quantity of varied and useful information as to the valuation for purchase, 
sale, or renewal of leases, annuities and reversions, and of property eenerally. with prices for 
Inventories, and a g^uide to determine the value of interior fittings and ouer e&cts."— ^<M^. 

Auctioneering, 

AUCTIONEERS: THEIR DUTIES AND LIABILITIES. 
A Manual of Instruction and Counsel for the Young Auctioneer. By Robbrt 
Squibbs, Auctioneer. Second Edition, Revised andpartly Re-written. Demy 
8vo, 12$. 6d, cloth. 

** The standard text-book on the topics of which it treats."— ylthgnarfm. 

" The work is one of general excellent character, and gives much information in a compen> 
dious and satisfactory iorm."— Builder. 

" May be recommended as giving a great deal of information on the law relating to 
auctioneers, in a very readable form."— Z,aw yournal. 

" Auctioneers may be congratulated on having so pleasing a writer to minister to their special 
TuatAs."— Solicitor^ yournal. 

Iwwood's Estate Tables* 

TABLES FOR THE PURCHASING OF ESTATES, Freehold, 
Copyhold, Of Leasehold; Annuities, Advowsons, etc, and for the Renewing of 
Leases held under Cathedral Churches, Colleges, or other Corporate bodieSi 
for Terms of Years certain, and for Lives : also for Valuing Reversionary 
Estates, Deterred Annuities, Next Presentations, &c. ; together with Smart's 
Five Tables of Compound Interest, and an Extension of the same to Lower 
and Intermediate Rates. By W. Inwood. 23rd Edition, with considerable 
Additions, and new and valuable Tables of Logarithms for the more Difficult 
Computations of the Interest of Money, Discount, Annuities, &c., by M. Fbdor 
Thoman, of the Soci^t^ Cr6dit Mobilier ot Pans. Crown 8vo, 85. cloth. 

"Those interested in the purchase and sate of estates, and in the adjustment of compensation 
cases, as well as in transactions in annuities, life insurances, &€„ will find the present editioa of 
eminent service."— £ng'w»*«r««^. 

Agricvltwral Valuer's Assistant. 

THE AGRICULTURAL VALUER'S ASSISTANT. A Prac- 
tical Handbook on the Valuation of Landed Estates ; including Rules and 
Data for Measuring and Estimating the Contents, Weights, and Values of 
Agricultural Produce and Timber, and the Values of Feeding Stuffs, 
Manures, and Labour; with Forms of Tenant-Right- Valuations, Lists of 
Local Agricultural Customs, Scales of Compensation under the Agricultural 
Holdings Act, &c. &c. By Tom Bright, Agricultural Surveyor. Second 
Edition, much Enlarged. Crown 8vo, 5s. cloth. [Ji^st published, 

"Full of tables and examples in connection with the valuation of tenant-right, estates, labour, 
contents, and weights of timber, and farm produce of all kinds."— Agricultural Gagette. 

" An eminently practical handbook, full of practical tables and data of undoubted interest and 
value to surveyors and auctioneers in preparing valuations of all Idnds. '—/^armcr. 

Plantations and Underwoods* 

POLE PLANTATIONS AND UNDERWOODS: A Practical 
Handbook on Estimating the Cost of Forming, Renovating, Improving, and 
Grubbing Plantations and Underwoods, their Valuation for Purposes of 
Transfer, Rental, Sale, or Assessment. By Tom Bright, Author of 
•• The AgriculturalValuer's Assistant," &c. Crown 8vo, 3s. 6d. cloth. 

•• To valuers, foresters and agents it will be a welcome aid."— North British AgricuOurist, 
"Well calculated to assist ttie valuer in the discharge of his duties, and of undoubted intec«st 
and use both to surveyors and auctioneers in preparing valuations of all kinds."— JSTm/ Haxild, 
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Hudson's Land VtiUuer's JPocket^Booh. 

THE LAND VALUER'S BEST ASSISTANT: Being Tables 
on a venr much Improyed Plan, for Calcalatin|; the Value of Estates. With 
Tables for reducing Scotch, Irish, and Provincial Customary Acres to Statute 
Measure, &c. By R. Hudson, C.E. New Edition. Royal 32mo, leather, 
elastic band, 4s, 

Ewa/rt'8 Land Improver's Pocket-Book^ 

THE LAND IMPRO VER'S POCKET-BOOK OF FORMULAE, 
TABLES, and MEMORANDA required in any Computation relating to the 
Permanent Improvement of Landed Property. By John Ewart, Land Surveyor 
and Agricultural Engineer. Second Edition, Revised. Royal 32mo, oblong, 
leather, gilt edges, with elastic band, 4s. 
" A compendious and handy little ytA\x(aib"—SpectaU>r. 

Complete Agricultural Surveyor's JPocket-Booh. 

THE LAND VALUER'S AND LAND IMPROVER'S COM- 
PLETE POCKET-BOOK. Consisting of the above Two Works bound to- 
gether. Leather, gilt edges, with strap, js. 6d. 

Souse Property. 

HANDBOOK OF HOUSE PROPERTY. A Popular and Practi- 
cal Guide to the Purchase, Mortgage, Tenancy, and Compulsory Sale of 
Houses and Land, including the Law of Dilapidations and Fixtures ; with 
Examples of all kinds of Valuations, Useful Information on Building, and 
Suggestive Elucidations of Fine Art By E. L. Tarbuck, Architect and 
Surveyor. Fifth Edition, Enlarged, lamo, 55. cloth. 

" Tlie advice is thoroughly practicaL"— X^w youmal. 

" For ziil who have dealmgs with house property, this is an indispensable guide."— Z7«ons/V^. 
" Carciutty brought up to date, and much improved by the addition of a division on fine 
art. . . . A wdl-written and thoughtful work."— iLan<f/l^«»/'x^«a;fv^ 



LAW AND MISCELLANEOUS. 



Private Bill Legislation and Provisional Orders. 

HANDBOOK FOR THE USE OF SOLICITORS AND EN- 
GINEERS Engaged in Promoting Private Acts of Parliament and Provi- 
sional Orders, tor the Authorization of Railways, Tramwavs, Works for the 
Supply of Gas and Water, and other undertakings of a like character. By 
L. Livingston Macassey, of the Middle Temple, Barrister-at-Law, 
M.Inst.C.E. ; Author of " Hints on Water Supply.'' Demy 8vo, 950 pp., 255. cl. 

*' The author's double experience as an engineer and barrister has enabled him to approach 
the subject alike from an engineering and legal point of view."— Local Government Chronicle, 

Law of Patents, 

PATENTS FOR INVENTIONS, AND HOW TO PROCURE 
THEM. Compiled for the Use of Inventors, Patentees and others. By 
G. G. M. Hardingham, Assoc.Mem.Inst.C.E., &c. Demy 8vo, zs. 6d, cloth. 

Metropolitan Bating Appeals, 

REPORTS OF APPEALS HEARD BEFORE THE COURT 
OF GENERAL ASSESSMENT SESSIONS, from the Year 1871 to 1885. 
By Edward Ryde and Arthur Lyon Rydk. Fourth Edition, with Introduc- 
tion and Appendix by Walter C. Ryde, of the Inner Temple, Barrister- at- 
Law. 8vo, i6s. cloth. 

Pocket'Book for Sanitary Officials, 

THE HEALTH OFFICER'S POCKET-BOOK : A Guide to 
Sanitary Practice and Law. For Medical Ofl&cers of Health, Sanitary In- 
spectors, Members of Sanitary Authorities, Ac. By Edward F. Willoughbv, 
M.D. (Lond.), &c., Author of " HyKiene and Public Health." Fcap. 8vo,. 
7s. 6d. cloth, red edges, rounded corners. IJ^tst published. ' 

" A mine of condensed information of a pertinent and useful kind on the various subjects of 
which it treats. The matter seems to have been carefully compiled and arranged for facility of 
reference, and it is well illustrated by diagrams and woodcuts. The different subjects are 
succinctly but fully and scientifically dealt vfith."—TAe Lancet. 



48 CROSBY LOCK WOOD &> SON'S CATALOGUE, 

A Complete Epitome of the Laws of this Country. 

EVERY MAN'S OWN LAWYER: A Handy -Book of the 
Principles of Law and Equity. By A Barrister. Thirtieth^Edition, care- 
fully Revised, and including the Legislation of 1892. Comprising (amongst 
other Acts) the Bffting- and Loans (Infants) Act^ 1892; the Small Holdings 
Act, 1892 ; the Clergy Discipline Act, 1892 ; the Conveyancing and Law of Pro- 
perty Act, 1892, &c. ; as well as the Forged Transfers Act, 1891 ; the Custody 
cf Children Act, 1891; the Slander of Women Act, 1891 ; the Bankruptcy 
Act, 1890; the Directors^ Liability Act, 1890 ; the Partnership Act, 1890; the 
Intestates Estates Act, 1890, and many other new Acts. Crown 8vo, 700 pp., 
price 6s. 8^. (saved at every consultation I ), strongly bound in cloth. 

\Just published. 
♦** The Booh will be found to comprise {amongst other matter) — 
The Rights and wrongs of individuals— Landlord and Tenant— vendors 

AND purchasers— partners AND AGENTS— COMPANIES AND ASSOCIATIONS— MASTERS, 

servants, and workmen— leases and mortgages— church and clergy, rituai. 
—Libel and slander— Contracts and agreements -bonds and bills of Sale- 
Cheques, BILLS, AND Notes -Railway and Shipping Law— Bankruptcy and In- 
•SURANCE— Borrowers. Lenders, and Sureties— Criminal Law— parliamentary 
Elections- County Councils— Municipal Corporations— parish Law. Church- 

"WARDENS, ETC.— insanitary DWELLINGS AND AREAS— PUBLIC HEALTH AND NUISANCES 
—FRIENDLY AND BUILDING SOCIETIES — COPYRIGHT AND PATENTS — TRADE MARKS 
AND DESIGNS — HUSBAND AND WIFE, DIVORCE, ETC.— TRUSTEES AND EXECUTORS — 
GUARDIAN AND WARD. INFANTS. ETC.— GAME LAWS AND SPORTING— HORSES, HORSB.- 

©EALING, AND DOGS— INNKEEPERS, LICENSING, ETC.— FORMS OF WILLS, AGREEMENTS, 
ETC. ETC 

IS* The object of this work is to enable those who consult it to help them- 
selves to the law; and thereby to dispense, as far as possible, with professional 
assistance and advice. There are many wrongs and grievances which persons sub- 
mit to from time to time through not knowing how or where to apply for redress ; and 
tnany persons have as great a dread of a lawyer's office as of a lion's den. With this 
^ook at hand it is believed that many a Six-and-Eightpence may be saved; many 
a wrong redressed; many a right reclaimed; many a law suit avoided ; and many 
an evil abated. The work has established itself as the standard legal adviser of all 
classes, and has also made a reputation for itself as a useful book of reference for 
lawyers residing at a distance from law librartest who are glad to nave at hand a 
work embodying recent decisions and enactments. 

%* Opinions of the Press. 

" It is a complete code of Engflish Law, written In plain language, which all can understand. 
. . Should be in the hands of every business man, and all who wish to abolish lawyers' bilk.' -« 
Weekly Times. 

•' A useful and concise epitome of the law, compiled with considerable care."— i^w Afagcunne 

" A complete digest of the most useful facts which constitute English la-vr."—Glode. 

"This excellent handbook. . . . Admirably done, admirably arranged, and admirably 
■cheap."— Z^^<^ Mercury. 

''A concise, cheap and complete epitome of the English law. So plainly written that he who 
runs may read, and he who reads may understand.' — Figaro. 

" A dictionary of legal facts well put together. The book is a very useful on'^." —Spectator. 

"A work which has long been wanted, which is thoroughly well done, and which we most 
• cordially recommend." — Sunday Times. 

" The latest edition of this popular book ought to be in every business establishment, and on 
•every library XAhXe."— Sheffield Post. 

•• A complete epitome of the law; thoroughly intelligible to non-professional readers." 

■ Beirs Life. 

Legal Guide for JPatvnbrokers, 

THE PAWNBROKERS', FACTORS' AND MERCHANTS* 
GUIDE TO THE LAW OF LOANS AND PLEDGES. With the 
Statutes and a Digest of Cases on Rights and Liabilities, Civil and Criminal, 
as to Loans and Pledges of Goods, Debentures, Mercantile and other Se- 
curities. By H. C. FoLKARD, Esq., Barrister-at-Law, Author of '• The Law 
of Slander and Libel/' &c. With Additions and Corrections. Fcap. 8vO| 
3s. 6d. cloth. 
*' TMs work contains dmply everything that requires to be known concerning the department 
of Uie law of which it treats, we can safely commend the book as unique and very nearly perfect." 

The Law of Contracts* 

LABOUR CONTRACTS : A Popular Handbook on the Law 
of Contracts for Works and Services. By David Gibbons. Fourth Edition, 
with Appendix of Statutes by T. F. Uttley, Solicitor. Fcap. 8vo, 3^. 6d, 
cloth. IJust published, 
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WEALE'S SERIES 

RaDIMENTARYSClENTIFlCjEDUCATIOHAL, 
AND CLASSICAL. 






tS- " WEALE'S SERIES includes TeH-Booha on almost every branch of 
Science and tnduslry, comprising such subjects aa Agricullure, Architocture 
and Building, Civil EngineerinB, Fine Arts, Machanics aad Mechanical 
Engineering. Physical and Chemical Science, and many miscellaneoui 
Trealises. The whole are consuntly undergoing revision, and new editions, 
brought up to the latest discoveries in Bcienlific research, are constantljr 
issued. The prices at which they are sold are as low as their excellenca is 
assured." — American Litirarv Gattttt. 

" Amongst the literature of technical education, Wkalh's Series has evBT 
enjoyed a high reputation, and the additions being made by Messrs. Ckosbv 
LocKWOOD & Son render Iha seriaa more complete, and bring the informa- 
tion upon the several subjects down (□ the present time." — Mining ycmmal. 

" It ia not too much to say that no books have ever proved more popular 

treatises comprised in Wealr's Skries." — Engincir, 

'■Theeicelienceof WeaLe'S Seriss ia now so well appreciated, that it 
would be wasting our apace to enlarge upon their general uaefulness and 
value."— Bui Wer. 

"The volumea of WEALE'S Series form one of the best collections of 
elementary technical books in any language." — Architici. 

" WEALE'S SERIES hoa become a siandard as well as an unrivalled 
calleclion of treatises in all branchesof art and science. "—Pufilit; O^inton. 
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%** The volumes of this Series are freely Illustrated witk 
Woodcuts, or otherwise, where requisite. Throughout the fol- 
lowing List it must be understood that the books are bound is 
limp cloth, unless otherwise stated ; 6ui the volumes marked 
with a % may also be had strongly bound in cloth boards for 6d, 
extra, 

N.B. — In ordering from this List it is recommended^ €U a 
means of facilitating business and obviating error^ to quote the 
numbers affixed to the volumes^ as well as the titles and prices. 



CIVIL ENGINEERING, SURVEYING, ETC. 

No. 

31. WELLS AND WELL-SINKING, By John Geo. Swindell, 

A.R.I. B.A., and G. R. Burnbll, C.E. Revised Edition. With a New 
Appendix on the Qualities of Water. Illustrated. 2s. 

35. THE BLASTING AND QUARRYING OF STONE, for 

Building and other Purposes. By Gen. Sir J. Burgoynb, Bart. is. 6d. 

43. TUBULAR, AND OTHER IRON GIRDER BRIDGES, pax- 

ticularly describing the Britannia and Conway Tubular Bridges. By G. 
Drysdalb Dkmpsey, C.E. Fourth Edition. 2s. 

44. FOUNDATIONS AND CONCRETE WORKS, with PracUcal 

Remarks on Footings, Sand, Concrete, Beton, Pile-driving, Caissons, and 
Cofferdams, &c. By £. Dobson. Seventh Edition, is. 6d. 
60. LAND AND ENGINEERING SURVEYING, By T. Baker, 
C.E. Fifteenth Edition, revised by Professor J. R. Young. 2s.t 
80*. EMBANKING LANDS FROM THE SEA. With examples 

and Particulars of actual Embankments, &c. By J. Wiggiks, F.G.S. St. 
81. WATER WORKS, for the Supply of Cities and Towns. With 
a Description of the Principal Geological Formations of England as in- 
fluencing Supplies of Water, &c. By S. Hughes, C.E. New Edition. 4a.t 

118. CIVIL ENGINEERING IN NORTH AMERICA, a Sketch 
of. By David Stbvbnson, F.R.S.E., 8cc. Plates and Diagn^ams. 3s. 

167. IRON BRIDGES, GIRDERS, ROOFS, AND OTHER 
f WORKS. Bv Francis Campin, C.E. 2s. 6d.t 

197. ROADS AND STREETS, By H. Law, C.E., revised and 
enlarged by D. K. Clark, C.E., including pavements of Stone, Wood, 
Asphalte, Sec. 4S. 6d.t 

103. SANITARY WORK IN THE SMALLER TOWNS AND IN 
VILLAGKS. By C. Slago, A.M.T.C^E. Revised Edition, ts.* 

Sil. GAS-WORKS, THEIR CONSTRUCTION AND ARRANGE- 
MENT', and the Manufacture and Distribution of Coal Gas. Originally 
written oy Samuel Hughes, C.E. Re-written and enlarged by Wiluam 
Richards, C.E. Eighth Edition, with important additions. 5s. 6d.t 

«I3. PIONEER ENGINEERING. A Treatise on the Engineering 
Operations connected with the Settlement of Waste Lands in New Coun> 
tries. By Edward Dobson, Assoc Inst. C.E. 4s. 6d.t 

116. MATERIALS AND CONSTRUCTION; A Theoretical and 
Practical Treatise on the Strains, Designing, and Erection of Works of Con> 
ttruction. By Francis Campin, C.E. Second Edition, revised. js.J 

M9. CIVIL ENGINEERING. By Henry Law, M.Tnst. C.E. 
Including Hydraulic Engineering by Geo. R. Burnbll, M.Inst. CS. 
Seventh Edition, revised, with large additions by D. Kinnbar C^AKK, 
M.Inst. C.E. 6s. 6d., Cloth boards, 7s. 6d. 

26S.: THE DRAINAGE OF LANDS, TOWNS, dr* BUILDINGS. 
By G. D. Dempsby, C.E. Revised, with large Additions on Recent Practice 
in Draimage Engineering, by D. Kinnbar Clark, M.I.C.E. Second Edition, 
Correctpd. 4s. 6d.t 



7 he t indicates that these vols, may be had strongly bound at 6d extra. 
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MECHANICAL ENGINEERING, ETC. 

33. CRANES, the Construction of, and other l^Iachinery for RaisiBg 

Heavy Bodies. By Joseph Glynn, F.R.S. Illustrated, is. 6d. 

34. THE STEAM ENGINE, By Dr, Lardnkr. Illustrated, is. 6d. 

59. STEAM BOILERS: their Construction and Management. By 
R. Armstrong, C.£. Illustrated, is. 6d. 

82. THE POWER OF WATER, as applied to drive Flour Mills, 
and to eive motion to Turbines, &c. By Joseph Glynn, F.R.S. 2s.t 

98. PRACTICAL MECHANISM, the Elements of; and Machine 
Tools. By T. Bakbr, C.E. With Additions by J. Nasmyth, C.E. 2s. 6dA 

139. THE STEAM ENGINE, a Treatise on the Mathematical Theonr 
of, with Rules and Examples for Practical Men. ByT. Baker, C.E. it. 64!. 

164. MODERN WORKSHOP PRACTICE, as applied to Steam En- 

gines. Bridges, Ship-building, &c. By J. G. Winton. New Edition, js. 6d.# 

165. IRON AND HEAT, exhibiting the Principles concerned m the 

Construction of Iron Beams, Pillars, and Girders. By J. Armour. 2s. 6d4 

166. POWER IN MOTION: Horse-Power, Toothed- Wheel Gearing, 

Long and Short Driving Bands, and Angrular Forces. By J. Armour, 2s.| 

171. THE WORKMAN'S MANUAL OF ENGINEERING 
DRAWING. By J. Maxton. 7th Edn. With 7 Plates and 350 Cuts. 3s. 6d4 

190. STEAM AND THE STEAM ENGINE, Sutionary and 
Portable. By T. Sbwbll and D. K. Clark, C.E. 3s. 6d.t 

100. FUEL, its Combustion and Economy. By C. W. WiLLIAlcs. 
With Recent Practice in the Combustion and Economy of Fuel — Coal, Cok«, 
Wood, Peat, Petroleum, &c.— by D. K. Clark, M.I.C.E. 3s.6d.t 

202. LOCOMOTIVE ENGINES, By G. D. Dhmpsky, C.E. ; with 
large additions by D. Kinnbar Clark, M.I.C.E. ys.X 

211. THE BOILERMAKER'S ASSISTANT in Drawing, Tern- 
plating, and Calculating Boiler and Tank Work. By John Courtnst, 
Practical Boiler Maker. Edited by D. K. Clark, C.E. zoo Illustrations, u. 

117. SEWING MACHINERY : Its Construction, History, &c., with 
full Technical Directions for Adjusting, &c. By J. W. Urquhart, C.E. at.t 

223. MECHANICAL ENGINEERING, Comprising Metallurgy, 
Moulding, Casting, Forging, Tools, Workshop Machinery, Manufacture of 
the Steam Engine, &c. By Francis Campin, C.E. Second Edition, as. 6d4 

236. DETAILS OF MACHINERY. Comprising Instructions for 

the Execution of various Works in Iron. By Francis Campin, C.E. 3s.* 

237. THE SMITHY AND FORGE; including the Farrier's Art and 

Coach Smithing. By W. J. E. Cranb. Illustrated. 2S. 6d.t 

238. THE SHEETMETAL WORKER'S GUIDE; a Practical Hand- 

book for Tinsmiths, Coppersmiths^incworkers, &c. With 94 Diagrams aad 
Working Patterns. By W. J. E. Cranb. Second Edition, revised, is. 6d. 

251. STEAM AND MACHINERY MANAGEMENT: with Hinti 
on Construction and Selection. By M. Powis Balb, M.I.ME. 2S. 6d.t 

254. THE BOILERMAKER'S READY-RECKONER. By J. 

CouRTNBY. Edited by D. K. Clark, C.E. 4s. 
%• Nos. 2 IT and 2$^ in One Vol., half- bound, entitled" ThbBoilbrmj^br'sRbadv- 
Reckoner and Assistant.*' By J. Courtney and D. K. Clark. 7s. 

255. LOCOMOTIVE ENGINE-DRIVING, A Practical Manual for 

Engineers in charge of Locomotive Engines. By Michabl Reynolds, M.S.X 
Eighth Edition. 3s. 6d., limp; 4s. 6d. cloth boards. 

256. STATIONARY ENGINE-DRIVING, A Practical Manual 

Engineers in charge of Stationary £ngn<ies* By Michabl Rbymolds, Ui.S.B. 
Fourth Edition. 3s. 6d. limp ; 4s. 6d. cloth boards. 

260. IRON BRIDGES OF MODERATE SPAN: their ConstnM- 

tion and Erection. By Hamilton W. Pendrbd. C.E. 2s. 
The X indicates that these vols, may be had strongly bound at 6d. exitm. 

7, STATIONERS* HALL COURT, LUDGATE HILL, E.G. 
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MINING, METALLURGY, ETC. 

4. MINERALOGY^ Rudiments of; a concise View of the General 
Properties of Minerals. By A. Ramsay, F.G.S., F.R.G.S., &c. Third 
Edition, revised and enlarged. Illustrated. 3s. 6d.t 

117. SUBTERRANEOUS SUR VEYING, with and without the Iklag- 
netic Needle. By T. Fbnwick and T. Baker, C.£. Illustrated. 2s. 6d. X 

135. ELECTRO-METALLURGY; PracticaDy Treated. By Alex- 
ander Watt. Ninth £dition, enlarged and revised, with additional Illus- 
trations, and including the most recent Processes. 3s. 6d.t 

172. MINING TOOLS, Manual of. JFor the Use of Mine Managers, 
Agents, Students, &c. By William Morgans. 2s. 6d. 
171*. MINING TOOLS, ATLAS of Engravings to Illustrate the above, 
containing 235 Illustrations, drawn to Scale. 4to. 4s. 6d. 

176. METALLURGY OF IRON, Containing History of Iron Manu- 
facture, Methods of Assay, and Analyses of Iron Ores, Processes of Manu- 
facture of Iron and Steel, &c. By H. Bauerman, F.G.S. Sixth Edition, 
revised and enlarged. 5s.t 

180. COAL AND COAL MINING. By the late Sir Waiungton W. 
Smyth, M.A., F.R.S. Seventh Edition, revised. 3s. 6d.t 

IOC. 7 HE MINERAL SURVEYOR AND VALUER'S COM- 
PLETE GUIDE. By W. Lintbrn, M.E. Third Edition, including Mag- 
netic and Angular Surveying. With Four Plates. 3s. 6d.:t 

«I4. SLATE AND SLATE ^274/?i2y/A^<y, Scientific, Practical, and 
Commercial. By D. C. Davies, F.G.S., Mining Engineer, 8cc. 3s.t 

164. A FIRST BOOK OF MINING AND QUARRYING, with the 
Sciences conntscted therewith, for Primary Schools and Self Instruction. By 
J. H. Collins, F.G.S. Second Edition, with additions, is. 6d. 



ARCHITECTURE, BUILDING, ETC. 

16. ARCHITECTURE— ORDERS— i:\iti Orders and then- iEsthetic 

Principles. By W. H. Leeds. Illustrated, xs. 6d. 

17. ARCHITECIURE—STYLES—Tht History and Description of 

the Styles of Architecture of Various Countries, from the Earliest to tb« 
Present Period. By T. Talbot Bury, F.R.I.B.A., &c. Illustrated, n, 
%* Orders and Styles of Architecture, in One Vol., ^s. 6d. 

18. ARCHITECTURE— DESIGN— Thfi Principles of Design in 

Architecture, as deducible from Nature and exemplincd in the Works of the 

Greek and Gothic Architects. BvE.L.Garbett, Architect. Illustrated. 2S.64. 

^* The thrM prectdinsr Works, in One handsome Vol., half bound, entiiUd 

"Modern Architecture," j^rtVe 6f. 

12, THE ART OF BUILDING, Rudiments of. General Principles 
of Construction, Materials used in Building, Strength and Use of Materials, 
Working Drawings, Specifications', and Estimates. By E. Dobson, as.t 

tS. MASONRY AND STONE CUTTING : Rudimentary Treatise 
on the Principles of Masonic Projection and their application to Con- 
struction. By Edward Dobson, M.R.I.B.A., &c. 2s. 6d.^ 

42. COTTAGE BUILDING. By C. Bruce Allen, Architect 

Eleventh Edition, revised and enlarged. With a Chapter on Economic Cottages 
for Allotments, by Edward E. Allen, C.E. as. 

45. LIMES, CEMENTS, MORTARS, CONCRETES, MASTICS, 
PLASTERING, &c. By G. R. Burnell, C.E Fourteenth Edition, xt. 6d 

57. WARMING AND VENTILATION. An Exposition of the 
General Principles as applied to Domestic and Public Buildings. Minei^ 
Lighthouses, Ships, &c. By C. Tomlinson, F.R.S., &c. Illustratea. 31. 

III. ARCHES, PIERS, BUTTRESSES, &*€.: Experimental Essays 
on the Principles of Construction. By W. Bland. Illustrated, xs. 6d. 

TMe i indicates that these vols, may be had strongly\bound at 6d. extra. 
LONDON: CROSBY LOCKWOOD AND SON, 



wealk's rudimentary series. 



Architecture, Building, etc., continued, 

Ii6. THE ACOUSTICS OF PUBLIC BUILDINGS; or, The 
Principles of the Science of Sound applied to the purposes of thelArchitect and 
Builder. By T. Roger Smith, M.K.I.B.A., Architect. Illustrated, is. 6d. 

117. ARCHITECTURAL MODELLING IN PAPER, the Art of. 

By T. A. Richardson, Architect. Illustrated, is. 6d. 
128. VITRUVIUS—THE ARCHITECTURE OF MARCUS 

VITRUVIUS POLLO. In Ten Books. Translated from the Latin by 

Joseph Gwilt, F.S.A., F.R.A.S. With 23 Plates. 5s. 
130. GRECIAN ARCHITECTURE, An Inquiry into the Principles 

of Beauty in ; with an Historical View of the Rise and Progress of the Art in 

Greece. By the Earl op Aberdeen, is. 
%* The two preceding Works in One handsome Vol,t half bound, entitled "Ajvcbnt 

132. THE ERECTION OF DWELLING-HOUSES. lUustrated by 
a Perspective View, Plans, Elevations, and Sections of a pair of Senu- 
detached Villas, with the Specification, Quantities, and Estimates, he. By 
S. H. Brooks. New Edition, with Plates. 2s. 6d.t 

156. QUANTITIES dr* MEASUREMENTS in Bricklayers', Mason**, 
Plasterers', Plumbers', Painters', Papurhangers', Gilders', Smiths', Carpenters' 
and Joiners' Work. By A. C. Beaton, Surveyor. Ninth Edition, it. 6d. 

175. LOCkwOODS BUILDER'S PRICE BOOK FOR 1893. A 
Comprehensive Handbook of the Latest Prices and Data for Builders. 
Architects, Engineers, and Contractors. Re- constructed, Re-written, ana 
further Enlarged. By Francis T. W. Miller, A.R.I. B. A. 700 oages. 
3s. 6d. ; cloth hoards, 4s. \.7*^t Published, 

181. CARPENTRY AND yOINERY—Tws. Elementary Prtn- 

ciPLRS OF Carpentry. Chiefly composed from the Standard Work of 
Thomas Tredgold, C.E. With a TREATISE ON JOINERY by E. 
Wyndham Tarn, M.A. Fifth Edition, Revised. 3s. 6d.X 

i82». CARPENTRY AND JOINERY, ATLAS of 35 Plates t« 
accompany the above. With Descriptive Letterpress. 4to. 6s. 
185. THE COMPLETE MEASURER ; the Measurement of Boards, 
Glass. &c. ; Unequal-sided, Square-sided, Octagonal-sided, Round Timber 
and Stone, and Standing Timber, 8cc. By Richard Horton. Fifth 
Edition. 4s. ; strongly bound in leather, 5s. 

187. HINTS TO YOUNG ARCHITECTS, By G. WiGHTWICK. 

New Edition. By G. H. Guillaume. Illustrated, js. 6d.t 

188. HOUSE PAINTING, GRAINING, MARBLING, AND SIGN 

WRITING : with a Course of Elementary Drawing for House-Painters, Sign- 
Writers, See, and a Collection of Useful Receipts. By Ellis A. Davidson. 
Sixth Edition. With Coloured Plates. 5s. cloto limp ; 6s. cloth boards. 

189. THE RUDIMENTS OF PRACTICAL BRICKLAYING. 

In Six Sections : General Principles ; Arch Drawine, Cutting, and Setting : 
Pointing; Paving, Tiling, Materials; Slating ana Plastering ^ Practical 
Geometry, Mensuration, 8cc. By Adam Hammond. Seventh Edition, is. 6d. 

191, PLUMBING, A Text-Book to the Practice of the Art or Craft ot 
the Plumber. With Chapters upon House Drainage and Ventilation. Sixth 
Edition. With 380 Illustrations. By W. P. Buchan. 3s. 6d.t 

191. THE TIMBER IMPORTER'S, TIMBER MERCHANTS, 
and BUILDER'S STANDARD GUIDE. By R. E. Grandy. as. 

106. A BOOK ON BUILDING, Civil and Ecclesiastical, including 
Church Restoration. With the Theory of Domes and the Great Pyrami<^ 
«tc. By Sir Edmund Beckett, Bart., LL.t)., Q.C, F.R.A.S. 4s. 6d.t 

226. THE JOINTS MADE AND USED BY BUILDERS in the 
Construction of various kinds of Engineering and Architectural Works. By 
Wyvill T.Christy, Architect. With upwards of t6o Enp-avingsonWood. 3s.t 

128. THE CONSTRUCTION OF ROOFS OF WOOD ANDIRON. 
By E. Wyndham Tarn, M.A., A rchitect. Second Edition, revised, is. 6d. 

The % indicates that these vols, may be had strongly bound at 6d. extra. 
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Architecture, Building, etc., continued, 

129. ELEMENTARY DECORATION: as applied to the Interior 

and Exterior Decoration of Dwelling-Houses, &c. By J. W. Facby. as. 

157. PRACTICAL HOUSE DECORATION A Guide to the Art 
of Ornamental Painting. By Jambs W. Facby. as. 6d. 
%* The two preceding Works^ in One handsome Vol.^ half -bounds entitled** Housb 
Dbcoration, Elbmbntary and Practical/' Price 5;. 

130. A PRACTICAL TREATISE ON HANDRAILING. Showing 

New and Simple Methods. By G. Collings. Second Edition, Revised, 
including A Trbatisb on Stairbuilding. Plates. 2s. 6d« 

«47. BUILDING ESTA TES : a Rudimentary Treatise on the Develop- 
ment. Sale, Purchase, and General Management of Building Land. By 
FowLBR Maitland, Surveyor. Second Edition, revised. 2s. 

«48. PORTLAND CEMENT FOR USERS. By Hknry Faija, 
Assoc. M. Inst. C.E. Third Edition, corrected. Illustrated. 2S. 

152. BRICKWORK : a Practical Treatise, embodying the General 

and Higher Principles of Bricklaying, Cutting and Setting, &c. By F. 

Walrbk. Third Edition, Revised and Enlarged, is. 6d. 

23. THE PRACTICAL BRICK AND TILE BOOK, Comprising : 

189. Brick and Tilb Making, by E. Dobson, A.I.C.E.; Practical Bricklat- 

265. dig, by A. Hammond ; Brickcutting and Setting, by A. Hammond. ^34 

pp. with 270 Illustrations. 6s. Strongly half-bound. 

tSl.THE TIMBER MERCHANT' Sy SAIV-MILLER'S, AND 
IMPORTER'S FREIGHT-BOOK AND ASSISTANT. By Wm. Rich- 
ardson. With Additions by M. Powis Balb, A.M.Inst.C.E. 3S.t 

258. CIRCULAR WORK IN CARPENTRY AND JOINERY. 

A Practical Treatise on Circular Work of Single and Double Curvature. 
By Gborob Collings. Second Edition, 2s. 6d. 

259. GAS FITTING: A Practical Handbook treating of every 
•Description of Gas Laying and Fitting. By John Black. 2s. 6d.t 

261. SHORING AND ITS APPLICATION: A Handbook for the 

Use of Students. By Gborgb H. Blagrovr. is. 6d. 
265. THE ART OF PRACTICAL BRICK CUTTINGS' SETTING, 

By Adam Hammond. With go Rngravines. is. 6d. 
•67. THE SCIENCE OF BUILDING : An Elementary Treatise on 

the Principles of Construction. By E. Wyndham Tarn, M.A. Lond. Third 

Edition, Revised and Enlarged. 3s. 6d.t 

271. VENTILATION : a Text-book to the Practice of the Art of 

Ventilating Buildings. By W. P. Buchan,R.P., Sanitary Engineer, Author 
of " Plumbinir/' «cc. js. 6d.t 

272. ROOF CARPENTRY ; Practical Lessons in the Framing of 

Wood Roofs. For tbe Use of Working Carpenters. By Geo. Colungs, 
Author of " Handrailing and Stairbuilding," 8cc. 2S. (.y**st published, 

273. THE PRACTICAL PLASTERER : A Compendium of Plain 
.and Ornamental Plaster Work. By Wilfred Kbmp. 2S. \Just published. 



SHIPBUILDING, NAVIGATION, ETC. 

51. NA VAL ARCHITECTURE, An Exposition of the Elementary 
Principles. By J. Pbakb. Fifth Edition, with Plates. 3s. 6d.t 
53*. SHIPS FOR OCEAN &* RIVER SERVICE, Elementary and 
Practical Principles of the Construction of. By H. A. Sommbrfbldt. is. 6d. 
53»». AN ATLAS OF ENGRA VINGS to Illustrate the above. Twelve 
large folding plates. Royal 4to, cloth. 7s. 6d. 
54. MASTING, MAST-MAKING, AND RIGGING OF SHIPS^ 
Also Tables of Spars, Rigging, Blocks ; Chain, Wire, and Hemp Ropet. 
&c., relative to every class of vessels. By Robbrt Kipping, N.A. 2S. 

The % indicates that these vols, may be hcui strongly bound at td. extra, 
LONDON: CROSBY LOCKWOOD AND SON, 
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Shipbuilding, Navigation, Marine Engineering, etc., cont. 

54*. IRON SHIP-BUILDING. With Practical Examples and DeUils. 
Br JoHU Grantham, C.E. Fifth Edition. 4s. 
55. THE SAILOR* S SEA BOOK: a Rudimentary Treatise on 
Navigation. By James Greenwood, B.A. With numerous Woodcuts and 
Coloured Plates. New and enlarged edition. Hy W. H. Rosser. ss. 6d4 
80. MARINE ENGINES AND STEAM VESSELS. By Robert 
Murray, C.E. Eighth Edition, thoroughly Revised, with Additions by tha 
Author and by George Carlisle, C.E. 4s. 6d. limp ; 5s. cloth boards. 
SjWf. THE FORMS OF SHIPS AND B0A2S. By W. BLAND. 
Eighth Edition, Revised, with numerous Illustrations and Models, xs. 6d. 
99. NAVIGATION AND NAUTICAL ASTRONOMY, hi Theory 

and Practice. By Prof. J. R. Young. New Edition, as. 6d. 
106. SHIPS* ANCHORS, siTresLtise on. By G. Cotsell, N.A. ii.6d. 
149. SAILS AND SAIL-MAKING. With Draughting, and the Ccntrt 
of Effort of the Sails ; Weights and Sizes of Ropes : Masting, Rigging » 
and Sails of Steam Vessels, 8cc. X2th Edition. By R. Kipping. N.A., ss. 6d4 
155. ENGINEER'S GUIDE TO THE ROYAL &* MERCANTILE 
NAVIES. By a Practical Engineer. Revised by D. F. McCarthy. 3s. 
SC PRACTICAL NAVIGATION. Consisting of The Sailor's 
^ Sea-Book. By James Greenwood and W. H. Rosser. To^th«r with 
mg^ the requisite Mathematical and Nautical Tables for the Working of th« 
^^' Problems. By H. Law, C.E., and Prof. J. R. Young. 7s. Half-boimd. 

AGRICULTURE, GARDENING, ETC. 

6i». A COMPLETE READY RECKONER FOR THE ADMEA- 
SUREMENT of land, &c. By A. Arman. Third Edition, xttvised 
and extended by C. Norris, Surveyor, Valuer, &c. as. 

131. MILLER'S, CORN MERCHANT'S, AND FARMER'S 
READY RECKONER. Second Edition, with a Price List of Modem 
Flour-Mill Machinery, by W. S. Hutton, C.E. ss. 

140. SOILS, MANURES, AND CROPS. (Vol. i. Outlines of 

Modern Farming.) By R. Scott Burn. Woodcuts, as. 

141. FARMING &* FARMING ECONOMY, Notes, Historical and 

Practical, on. (Vol. 2. Outlines of Modern Farming.) By R. Scott Burn. 3t. 

141. STOCK; CATTLE, SHEEP, AND HORSES. (Vol. 3. 

Outlines of Modern Farming.) By R. Scott Burn. Woodcuts, ss. 6d. 

145. DAIRY, PIGS, AND POULTRY, Management of the. By 

R. Scott Burn. (Vol. 4. Outlines of Modern Farming.) as. 

146. UlILIZATION OF SEWAGE, IRRIGATION, AND 

RECLAMATION OF WASTE LAND. (Vol. <. Outunbs of Modern 
Farming.) By R. Scott Burn. Woodcuts, as. 6d. 
•i,* Nos, 140-1-2-5-6, tn One Vol., handsomely half-bound^ entitled " Outlines of 
Modern Farming." By Robert Scott Burn. Price 12s, 

177. FRUIT TREES, The Scientific and Profitable Culture of. From 
the French of Du Brbuil. Revised by Geo. Glbnny. 187 Woodcuts. 3s. 6d.t 

198. SHEEP; THE HISTORY, STRUCTURE, ECONOMY, AND 
DISEASES OF. By W. C. Spoonbr, M.R.V.C, &c. Fifth Edition, 
enlarged, including Specimens ot New and Improved Breeds. 3s. 6d.t 

201. KI2CHEN GARDENING MADE EASY. By George M.F. 

Glrnny. Illustrated, is. 6d.t 

207. OUTLINES OF FARM MANAGEMENT, and the Organic 

tation of Farm Labour. By R. Scott Burn. as. 6d.:t 

208. OUTLINES OF LANDED ESTATES MANAGEMENl . 
By R. Scott Burn. as. 6d. 

%• Nos, ao7 67- ao8 in One Vol., handsomely half-bound, entitled " Outlines of 
Landed Estates and Farm Managbmbnt." By R. Scott Burn. Price 6t. 

The X indicates that these vols, ntay be had strongly bound at bd. extra, 
7, STATIONERS* HALL COURT, LUDGATE HILL, E.a 
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Agriculture, Gardening, etc, continued. 

209. THE TREE PLANTER AND PLANT PROPAGATOR, 
A IVactical Mannal oo the Propagation of Forest Trees, Fmit Tcees* 
Flowerini^ Shrubs, Flowerini^ Plants, ftc Bj Samukl Wood. xs. 

3ia THE TREE PRUNER. A Practical Manual on the Pnming of 
Fnttt TreeSj^inclodiai^ also their Training and Renovation ; also the Praninc 
of Shrubs, Climbers, and Flowering Plants. By Samuzl Wood. is. 6d. 

*•* Nm. 209 &» zio in One Vol^ kamdtamely half' bound, entitled ** Thb Tku 
PuufTEB, Propagatok, akd Prcseb." By Samukl Wood. Price 3*. 6d. 

tl8. THE HA Y AND STRA W MEASURER : Being New Tables 
lor U^ Use of Auctioneers, YalnerSy Farmers, Hay and Straw Dealers, &c. 
By Jomr Steele. Fifth Edition. 2s. 

tit. SUBURBAN FARMING.' The Laying-ont and Cultivation of 
Farms^ adiq»ted to the Produce of Milk, Butten and Cheese, Eggs, Ponltij, 
and Pigs. By ProL John Domaldsosi and R. Scott Burn. 3s. 6d4 

t3l. THE ART OP GRAFTING AND BUDDING. By Cham.es 

Baltet. With Illustrations. 2s. 6d.t 

131. COTTAGE GARDENING; or. Flowers, Fruits, and VegeUbles 
for Small (iau-dens. By E. Hobday, is. 6d. 

tl\. GARDEN RECEIPTS. Edited by Cham.es W. Quin. is.6d. 

«34. MARKET AND KITCHEN GARDENING. By C.W.Shaw, 

late Editor of " Gardening Illustrated." js.t 

«39. DRAINING AND EMBANKING. A Practical Treatise, em- 
bodving the most recent ^perience in the Application of Improved Methods. 
By John Scott, late Professor of Ag^riculture and Rural Economy at the 
Royal Agricultural College, Cirencester. With 68 Illustrations. xs« 6d. 

t40. IRRIGA TION AND WA TER SUPPL Y. A Treadse on Water 

Meadows, Sewage Irrigation, and Warping ; the Construction* of Wells, 
Ponds, and Reservoirs, &c. By Prof. John Scott. Witii 34 lilns. is. 6d. 

541. FARM ROADS, FENCES, AND GATES. A Practical 

Treatise on the Roads, Tramways, and Waterways of the Farm; the 
Principles of Enclosures ; and the different kinds of Fences, Grates, and 
Stiles. By Professor John Scott. With 75 Illustrations, zs. 6d. 

542. FARM BUILDINGS. A Practical Treatise on the Buildings 

necessary for various kinds of Farms, their Arrangement and Construcdoo, 
with Plans and Estimates. By Prof. John Scott. With 10$ Illus. as. 

«43. BARN IMPLEMENTS AND MACHINES. A Practical 

Treatise on the Application of Power to the Operations of Agripilture j and 
on various Machines used in the Threshing-bam, in the Stock-yatH, and in the 
Dairy, 8tc. By Prof. J. Scott. With 123 Illnstrations. 2s. 

t44. FIELD IMPLEMENTS AND MACHINES. A Practical 
Treatise on the Varieties now in use, with Principles and Details of Con- 
struction, their Points of Excellence, and Management. By Professor Johm 
Scott, with 138 Illustrations. 2s. 

t4S. AGRICULTURAL SURVEYING. A Practical Treatise on 
Land Surveying, Levelling, and Setting-ont ; and on Measuring and Esti- 
mating Qtiantittes, Weights, and Values of Materials, Produce, Stock, flee. 
By Prof. John Scott. With 62 Illustrations, is. 6d. 

%• Nos. 239 to 245 in One Vol.y handsomely half-bound, entitled " Thb Complstb 
TixT-BooK OF Farm Engineering." By Professor John Scott. Price izs. 

«50. MEA T PRODUCTION. A Manual for Producers, Distributor!, 
8cc. By John Ewart. 2s. 6d.t 

266. BOOK-KEEPING FOR FARMERS df ESTATE OWNERS. 
By T. M. Woodman, Chartered Accountant. 2s. 6d. cloth limp ; 3s. 6d. 
clotn boards. 

7 he % indicates that these vols, may be had strongly bound at 6d. extra. 
LONDON : CROSBY LOCKWOOD AND SON, 
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MATHEMATICS, ARITHMETIC, KTG. 

32. MATHEMATICAL INSTRUMENTS, a Treatise on; Their 
Construction, Adjustment, Testine, and Use concisely Enlained. By J. F. 
Hbathbr, M.A. Fourteenth Edition, revised, with additions^ by A. T. 
Walmislby, M.I.C.E., Fellow of the Surveyors' Institution, Original Edi- 
tion, in X vol.. Illustrated. 2S.t 

%• In ordering ihe above^ be careful to say, " Original Edition *' {No. 32), to dishn' 
guish it from ihe Enlarged Edition in 3 vols. {Nos. 168-9-70.) 

76. DESCRIPTIVE GEOMETRY, an Elementary Treatise on; 
with a Theory of Shadows and of Perspective, extracted nrom the French ol 
G. MoNGB. To which is added, a description of the Principles and Practice 
of Isometrical Projection. By J. F. Heathbr, M.A. With 14 Plates. 2c. 

178. PRACTICAL PLANE GEOMETRY: giving the Simplest 
Modes of Constructing Figures contained in one Plane and Geometrical Con- 
struction of the Ground. By J. F. Heather, M.A. With 215 Woodcuts. 2s. 

83. COMMERCIAL BOOK-KEEPING. With Commercial Phrases 

and Forms in English, French, Italian, and German. By Jambs Haddon, 
M.A., Arithmetical Master of King^s College School, London, zs. 6d. 

84. ARITHMETIC, a Rudimentary Treatise on : with full Explana- 

tions of its Theoretical Principles, and numerous Examples for Practice. By 
Professor J.R. Young. Eleventh Edition, xs. 6d. 
84*. A Kby to the above, containing Solutions in full to the Exercises, together 
with Comments, Explanations, and Improved Processes, for the Use of 
Teachers and Unassisted Learners. By J. R. Youno. is. 6d. 

85. EQUATIONAL ARITHMETIC, applied to Questions of iiterest, 

Annuities, Life Assurance, and General Commerce ; with various Tables by 
which all Calculations may be greatly facilitated. By W. Hipslby. 2s. 

86. ALGEBRA, the Elements of. By James Haddon, M.A. 

With Appendix, containing miscellaneous Investigations, and a Collection 
of Problems in various parts of Algebra. 2S. 
€6*. A Kby and Companion to the above Book, forming an extensive repository of 
Solved Examples and Problems in Illustration of the various Expedients 
necessary in Algebraical Operations. By J. R. Youno. xs. 6d. 

88. EUCLID, The Elements of ; with many additional Propositions 

80. and Explanatory Notes : to which is prefixed, an Introductory Essay > 
Log^c. By Hbnry Law, C.E. 2s. 6d.t 

*«• Sold also separately^ vt%. : — 
S8. EucuD, The First Three Books. By Hbnry Law, C.E. is. 6d. 

89. Euclid, Books 4, 5, 6, 11, 12. By Hbnry Law, C.E. is. 6d. 

<^, ANALYTICAL GEOMETRY AND CONIC SECTIONS, 
By Jambs Hann. A New Edition, by Professor J. R. Youno. 2S.t 

91. PLANE TRIGONOMETRY, the Elements of. By James 

Hann, formerly Mathematical Master of King's College, London, xs. 6d. 

92. SPHERICAL TRIGONOMETRY, the Elements of. By James 

Hann. Revised by Charles H. Dowling, C.E. xs. 
%• Or with ** The Elements of Plane Trigonometry ,* in One Volume, *s, 6d. 

93. MENSURATION AND MEASURING, With the Mensuration 

and Levelling of Land for the Purposes of Modem Engineering. By T. 
Bakbr, C.E. New Edition by E. Nugbnt, C.E. Illustrated, xs. 6d. 

101. DIFFERENTIAL CALCULUS, Elements of the. By W. S. B. 

WooLHOusB, F.R.A.S., &c. xs. 6d. 

102. INTEGRAL CALCULUS, Rudimentary Treatise on the. By 

Hombrsham Cox, B.A. Illustrated, xs. 

136. ARITHMETIC, Rudimentary, for the Use of Schools and Self- 

Instruction. By Jambs Haddon, M.A. Revised by A. Arman. xs. 6d. 

137. A Kby to Haddon's Rudimentary Arithmbtic. By A. Arman. xs. 6d. 

The t indicates that these vols, may be had strongly bound at 6d. extra, 
7, STATIONERS' HALL COURT, LUDGATS HILL, S.C. 



lO WKALB'S RUDIMENTARY SERIES. 

Mathematics, Arithmetic, etc., continued. 

i^. DRAWING AND MEASURING INSTRUMENTS. Indud- 
mc^I. Instruments employed in Geometrical and Mechanical Drawing, 
and in the Construction, Copying, and Measurement of Maps and Plans. 
II. Instruments used for the purposes of Accurate Measurement, and for 
Arithmetical Computations. By t. F. Hbathbr, M.A. Illustratea. is. 6d 

169. OPTICAL INSTRUMENTS. Including (more especially) Tele- 
scopes, Microscopes, and Apparatus for producing copies of Maps and Plans 
by Photography. By J. F. Hbathsr, M.A. Illustrated, is. od. 

17a SURVEYING AND ASTRONOMICAL INSTRUMENTS, 
Includinjg — I. Instruments Used for Determining the Geometrical Features 
of a portion of Ground. II. Instruments Employed in Astronomical Observa- 
tions. By J. F. HsATHBR, M.A. Illustrated, is. 6d. 
%* Tike €ibove three volumes form an enlargement of the Author' t original worh 
** Mathematical Instruments." (See No. 32 in the Series.)^ 

t6%.-k MATHEMATICAL INSTRUMENTS. By J. F. Heather, 

X69. r M.A. Enlarged Edition, for the most part entirely' re-wntten. The 3 Parts as 

170.^ above, in One thick Volume. With numerous Illustrations. 4s. 6d.t 

158. THE SLIDE RULE, AND HOW TO USE IT; containing 

full, easy, and simple Instructions to perform all Business Calculations wiu 

nnezampled rapidity and accuracv. By Charlbs Hoarb, C.E. Sixth 

Edition. With a Slide Rule in tuck of cover, as. 6d.t 

196. THEORY OF COMPOUND INTEREST AND ANNUL 
TIES ; with Tables of Logarithms for the more Difficult Computations of 
Interest, Discount, Annuities, 8cc. By F^DOR Thoman. Fourth Edition, is.t 

199. THE COMPENDIOUS CALCULATOR ; or, Easy and Concise 

Methods of Performing the various Arithmetical Operations reauired in 

Commercial and Business Transactions ; together with Usetul Tables. By 

D. O'GoRMAN. Twenty-seventh Edition, carefully revised by C. Norris. 

. ss. 6d., cloth limp : 3s. 6d., strongly half-bound in leather. 

204. MATHEMATICAL r^i?ZA6', for Trigonometrical, Astronomical, 
and Nautical Calculations ; to which is prefixed a Treatise on Logarithms. 
By Hbnry Law, C.E. Together with a Series of Tables for Navigation 
and Nautical Astronomy. By Prof. J. R. Youno. New Edition. 4s. 
204* LOGARITHMS. With Mathematical Tables for Trigonometrical, 
Astronomical, and Nautical Calculations. By Hbnry Law, M.Inst.CJS. New 
and Revised Edition. (Forming part of the above Work). 3s. 

221. MEASURES, WEIGHTS, AND MONEYS OF ALL NA- 
TIONS, and an Analysis of the Christian, Hebrew, and Mahometan Calen- 
dars. By W. S. B. WooLHOUSB, F.R.A.S., F.S3. Seventh Edition, 2s.6d.t 

227. MATHEMATICS AS APPLIED TO THE CONSTRUCT 
TIVB ARTS. Illustrating the various processes of Mathematical Investi- 
Kition, by means of Arithmetical and Simple Algebraical Equations and 
Practical Examples. Bv Francis Campin. U.E. Second Edition. 3s.t 

PHYSICAL SCIENCE, NATURAL PHILO- 
SOPHY, KTG. 

1. CHEMISTRY. By IVofessor George Fownes, F.R.S. With 

an Appendix on the Application of Chemistry to Agriculture, is. 

2. NATURAL PHILOSOPHY, Introduction to the Study of. By 

C. TOMLINSON. Woodcuts. IS. 6d. 

6. MECHANICS, Rudimentary Treatise on. By Cha&LES Tom- 

UNSON. Illustrated, xs. 6d. 

7. ELECTRICITY; showing the General Principles of Electrical 

Science, and the purposes to which it has been applied. By Sir W. Snow 
Harris, F.R.S., 8cc. With Additions by R. Sabinb, C.E., F.S.A. xs. 6d. 
7». GALVANISM. By Sir W. Snow Harris. New Edition by 
RoBBRT Sabinb, C.E., F.SA. is. 6d. 

8. MA GNETISM ; being a concise Exposition of the General Prin- 
ciples of Magnetical Science. By Sir W. Snow Harris. New Edition, 

" • H. M. NoAD. Ph.D. With if "' * 



revised by H. M. Noap, Ph.D. With 165 Woodcuts. 3s. 6d.t 

The X indicates thai these vols, may be had strongly bound at 6d. extra, 

LONDON: CROSBY LOCKWOOD AND SON, 
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Physical Science, Natural Philosophy, etc., continued, 

II. THE ELECTRIC TELEGRAPH; its History and Progress; 
with Descriptions of some of the Apparatus. By R. Sabins, C.E., F.S.A. 3s. 

13. PNEUMATICS, including Acoustics and the Phenomena of Wind 
Correntt, for the Use of Beginners. By Charles Tomlinson, F.R.S. 
Fourth Edition, enlarged. Illustrated, zs. 6d. 

72. MANUAL OF THE MOLLUSCA; a Treatise on Recent and 
Fossil Shells. By Dr. S. P. Woodward. A.L.S. Fourth Edition. With 
Plates and 300 Woodcuts. 7s. 6d., cloth. 

96. ASTRONOMY. By the late Rev. Robert Main, M.A. Third 

Edition, by William Thynnb Lynn, B.A., F.R.A.S. as. 

97. STATICS AND DYNAMICS, the Principles and Practice of; 

embracing also a clear development of Hydrostatics, Hydrodynamics, and 
Central Forces. By T. Baksr. C.E. Fourth Edition, is. 6d. 

173. PHYSICAL GEOLOGY, partly based on Major-General Port- 

lock's " Rudiments of Geology." By Ralph Tate, A.L.S., &c. Woodcuts, ss. 

174. HISTORICAL GEOLOGY, parUy based on Major-General 

P0RTL0CK*t "Rudiments." By Ralph Tatb, A.L.S., fcc. Woodcuts. 2s.6d. 

173 RUDIMENTARY TREATISE ON GEOLOGY, Physical and 

& Historical. Partly based on Major-General Portlock's "Rudiments of 

174. Geology." By Ralph Tatb, A.L.S., F.G.S., &c. In One Volume. 4s. 6d.t 

183 ANIMAL PHYSICS, Handbook of. By Dr. Lardner, D.C.L., 

$1 . formerly Professor of Natural Philosophy and Astronomy in University 

I'^M College, Lond. With 520 Illustrations. In One Vol. 7s. 6d., cloth boards. 

^ %• Sold also in Two Parts^ as follows : — 

183. Animal Physics. By Dr. Lardner. Part I., Chapters I.— VII. 4s. 

184. Animal Physics. By Dr. Lardner. Part II., Chapters VIII.— XVIII. 3s. 

269. LIGHT : an Introduction to the Science of Optic«, for the Use of 
Students of Architecture, Engineering, and other Applied Sciences. By E. 
Wyndham Tarn, M.A. zs. 6d. \.Just publishid. 



FINE ARTS. 

10. PERSPECTIVE FOR BEGINNERS. Adapted to Young 
Students and Amateurs in Architecture, Painting, &c. By Georob Pynb. as. 

40 GLASS STAINING, AND THE ART OF PAINTING ON 
GLASS. From the German of Dr. Gessbrt and Emanuel Otto From- 
BERO. With an Appendix on The Art of Enamelling. 2s. 6d. 

69. MUSIC, A Rudimentary and Practical Treatise on. With 

numerous Examples. By Charles Child Spencer. 2s. 6d. 
71. PIANOFORTE, The Art of Playing the. With numerous Exer- 
cises 8c Lessons from the Best Masters. By Charles Child Spencer. is.6d. 
ii^ix. MUSIC isf THE PIANOFORTE. In one vol. Half bound, 5s. 
iSi. PAINTING POPULARLY EXPLAINED, including Fresco, 
Oil^ Mosaic, Water Colour, Water-Glass, Tempera, Encaustic. Miniatureu 
Pamting on Ivory, Vellum. Pottery, Enamel, Glass, &c. Witn Historical 
Sketches of the Progress of the Art by Thomas John Gullick, assisted 
John Times, F.S.A. Sixth Edition, revised and enlarged. ^%.X 
186. A GRAMMAR OF COLOURING, apphed to Decorative 
Painting and the Arts. By George Field. New Edition, enlarged and 
adapted to the Use of the Ornamental Painter and Designer. By Elus A. 
Davidson. With two new Coloured Diagrams, 8cc. js.t 

146. A DICTIONARY OF PAINTERS, AND HANDBOOK FOR 
PICTURE AMATEURS ; including Methods of Painting, Cleaning, Re- 
lining and Restoring, Schools of Painting, Sec. With Notes on tibe Copyists 
and Imitators of each Master. By Philippe Daryl. as. 6d.t 

The X indicates that these vols, may be had strongly hound at 6d. extra. 
7, stationers' HALL COURT, LUDGATE HILL, E.C. 
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INDUSTRIAL AND USEFUL ARTS. 

t3. BRICKS AND TILES, Rudimentary Treatise on the Manufac- 

ture of. By E. Dobson, M.R.I.B.A. Illustrated, 334 
67. CLOCKS, WATCHES, AND BELLS, a Rudimehtary Treatise 

on. By Sir Edmund Bbckbtt, LL.D., Q.C. Seventh Edition, revised and en- 

lareed. iS. 6d. limp: 53. 6d. cloth boards. 

83»». CONSTRUCTION OF DOOR LOCKS. Compned from the 

Papers of A. C. Hobbs, and Edited by Charles Tomunson. F.R.S. 2t. 6d. 
i6a. THE BRASS FOUNDER'S MANUAL; Instructions for 

Modelling, Pattern-Making, Moulding, Turning, Filing, Burnishing, 

Bronzing, 8ec. With copious Receipts, &c. By Walter Graham. %».% 
205. THE ART OF LETTER PAINTING MADE EASY. By 

J.G. Badbnoch. Illustrated with 12 full-page Engravings of Examples. it.6a- 
215. THE GOLDSMIIIPS HANDBOOK, containing full Instruc 

tions for the Alloying and Working of Gold. By Gborgb E. Gbb, ts.t 
225. THE SILVERSMITITS HANDBOOK, containing fuU In- 

structions for the Alloying and Working of Silver. By Gborgb E. Gbb. ts.t 
%• Tk€ two preceding Works, in One handsome Vot.y half-bound, entitled " Thb 

Goldsmith's & Silversmith's Complbtb Handbook," 7*. 
249. THE HALL-MARKING OF JEWELLERY PRACTICALLY 

CONSIDERED. By George E. Gbb. \%.% 
224. COACH BUILDING, A Practical Treatise, Historical and 

Descriptive. By J, W. Burobss. as. 6d.* 

235. PRACTICAL ORGAN BUILDING, By W. E. Dickson, 

M.A., Precentor of Ely Cathedral. Illustrated. ?s. 6d.t 

262. THE ART OF BOOT AND SHOEMAKING, By John 

Bedford Leno. Numerous Illustrations. Third Edition. 2s. 

263. MECHANICAL DENTISTRY : A Practical Treatise on the 

Construction of the Various Kinds of Artificial Dentures, with Formulae, 
Tables, Receipts, 8cc. By Charles Hunter. Third Edition. 3s.t 
270. WOOD ENGRA VlNG : A Practical and Easy Introduction to 
the Study of the Art. By W. N. Brown, is. 6d. 

t 

MISCELLANEOUS VOLUMES. 

36. A DICTIONARY OF TERMS used in ARCHITEC7URE, 
BUILDING, ENGINEERING, MINING, METALLURGY, ARCHE- 
OLOGY, the FINE ARTS, &^. By John Wbalb. Sixth Edition. Revised 
by Robert Hunt, F.R.S. Illustrated. 5s. limp ; 6s. cloth boards. 

SO. LABOUR CONTRACTS. A Popular Handbook on the Law of 
Contracts for Works and Services. By David Gibbons. Fourth Edition, 
Revised, with Appendix of Statutes by T. F. Utiley, Solicitor, 3s. 6d. cloth. 

112. MANUAL OF DOMESTIC MEDICINE. By R. Gooding. 
B.A., M.D. A Family Guide in all Cases of Accident and Emergency 2s. 
Ii2». MANAGEMENT OF HEALTH. A Manual ot Home and 
Personal Hygiene. By the Rev. James Baird, B.A. zt. 

150. LOGIC, Pure and Applied. By S. H. EilMENS. is. 6d, 

151. SELECTIONS FROM LOOKERS ESSAYS ON THB 

HUMAN UNDERSTANDING. With Notes by S. H. Embibns. u. 
154. GENERAL HINTS TO EMIGRANTS, 2s. 
ISI. THE EMIGRANTS GUIDE TO NATAL. By R. MANN. 2s. 

193. HANDBOOK OF FIELD FORTIFICATION. By Major 

W. W. Knollys, F.R.G.S. With 163 Woodcuts, is.t 

194, THE HOUSE MANAGER: Being a Guide to Housekeeping. 

Practical Cookery, Pickling and Preserving, Housdiold Work, Dairy 
Managt>ment, &c. By An Old Housbkebper. 3s. 6d.t 

I94> HOUSE BOOK {The), Comprising :— I. The Housl Manager, 

112 & Bv an Old Housekeeper. II. Domestic Medicine. By R. 6oodino,M.D. 

112*. I^^* Management of Health. By J. Baird. In One Vol., half -bound, 6s. 

The % indicates that these vols, may be had strongly hound at 6d. extra, 
LONDON : CROSBY LOCKWOOD AND SON, 
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EDUCATIONAL AND CLASSICAL SEBIES. 



HISTORY. 

I. England, Outlines of the History of; more especially with 

reference to the Oriein and Progress of the English Constitution. By 
WiLUAM Douglas Hamilton, F.S.A., of Her Majesty's Public Record 
Office. 4th Edition, revised. 5s. ; cloth boards, 6s. 

5. Greece, Outlines of the History of; in connection with the 

Rise of the Arts and Civilization in Europe. By W. Douglas Hamilton, 
of University College, London, and Edward Lbvisn, M.A., off Balliol 
College, Oztord. 2s. 6d. ; cloth boards, 3s. 6d. 

7. Rome, Outlines of the History of; from the Earliest Period 

to the Christian Era and the Commencement of the Decline of the Empire. 
By Edward Lbvien, of Balliol College, Oxford. Map, 2s. 6d. ; cl.bds. 3s. 6d. 

9. Chronology of History, Art, Literature, and Progress, 

from the Creation of the World to the Present Time. The Continuation by 
W. D. Hamilton, F.S.A. 3s. ; cloth boards, 3s. 6d. 

50. Dates and Events in English History, for the use of 

Candidates in Public and Private Examinations. By the Rev. E. Rand. is. 



ENGLISH LANGUAGE AND MISCELLANEOUS. 

11. Grammar of the English Tongue, Spoken and Written. 

With an Introduction to the Study of Comparative Philology. By Hydb 
Clarkb, D.C.L. Fifth Edition, xs. 6d. 

12. Dictionary of the English Language, as Spoken and 

Written. Containing above 100,000 Words. By Hydb Clarkb, D.C.L. 
3s. 6d. ; cloth boards, 4s. 6d. ; complete with the Grammar, cloth bos., 5s. 6d. 

48. Composition and Punctuation, familiarly Explained for 

those who have neglected the Study of Grammar. By Justin Brbnan. 
z8th Edition, is. 6d. 

49. Derivative Spelling- Book; Giving the Origin of Every Word 

from the Greek, Latin, Saxon, German, Teutonic, Dutch, French, Spanish, 
and other Languages ; with their present Acceptation and Pronunciation. 
By J. RovimoTHAM, F.R Jl.S. Improved Edition, is. 6d. 

51. The Art of BKtempore Speaking : Hints for the Pulpit, the 

Senate, and the Bar. By M. Bautain, Vicar-Greneral and Professor at the 
Sorbonne. Translated from the French. 8th Edition, carefully corrected. M.6d. 

54. Analytical Chemistry, Qualitative and Quantitative, a Course 

of. To which is prefixed, a BriefTreatise upon Modem Chemical Nomenda- 
tore and Notation. By Wm. W. Pink and Gborgb E. Wbbstbr. as. 

THE SCHOOL MANAGERS' SERIES OF READING 

BOOKS, 

Xdited by the Rev. A. R. Grant, Rector of Hitcham, and Honorary Canon of Ely; 

formerly H.M. Inspector of Schools. 
Introductory Primbr, zd. 

s, d. 
First Standard . .06 



Sbcond ,. . . o 10 



>» 



Third . . x o 



Fourth Standard . • . x s 
Fifth „ . . . • x 6 

Sixth „ . . . . x 6 



Lbssons from thb Biblb. Part I. Old Testament. \%, 

Lbssons from thb Biblb. Part II. New Testament^ to which is added 
Thb Gboorapuy of thb Biblb, for very young Children. By Rev. C« 
Thornton Forstbr. xs. ad. %* Or the Two Parts in One Volume, as.' 

7, STATIONUtS' HALL COURT, LUDGATS HILL, !.€• 
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FRENCH. 

24. French Grammar. With Complete and Concise Rules on the 

Genders of French Nouns. By G. L. Strauss, Ph.D. is. 6d. 
2$. French-English Dictionary. Comprising a large number of 

New Terms used in Engineering, Mining, &c. By Alfred Elwks. is. 6d. 

26. English-French Dictionary. By Alfred Elwes. 2s. 
25,26. French Dictionary (as above). Complete, in One Vol., 38, ; 

cloth boards, 3s. 6d. \* Or with the Grammar, cloth boards, 48. 6d. 
47. French and English Phrase Book s containing Intro- 
ductory Lessons, with Translations, several Vocabularies of Wor^ a Col- 
lection of suitable Phrases, and Easy Familiar Dialogues, is. 6d. 

GERMAN. 

39. German Grammar. Adapted for English Students, from 

Heyse's Theoretical and Practical Grammar, by Dr. G. L. Strauss, is. 6d. 

40. German Reader s A Series of Extracts, carefully culled from die 

most approved Authors of Germanv; with Notes, Philological and Ex- 
planatory. By G. L. Strauss, Ph.D. is. 

41-43. German Triglot Dictionary. By N. E. S. A. Hamilton. 

In Three Parts. Part I. Grerman-French-English. Part II. English-Ger- 
man-French. Part III. French -German-English. 3s., or cloth boards, 4s. 

41-43 Gemaan Triglot Dictionary (as above), together with German 

Sc 39. Grammar (No. 39), in One Volume, cloth boards, 5s. 

ITALIAN. 

27. Italian Grammar, arranged in Twenty Lessonsi, with a Course 

of Exercises. By Alfred Elwbs. is. 6d. 

28. Italian Triglot Dictionary, wherein the Genders of all the 

Italian and French Nouns are carefully noted down. By Alfrbd Elwbs. 
Vol.1. Italian -English-French. 2s.6d. 

30. Italian Triglot Dictionary. By A. Elwks. Vol 2. 

English-French-Italian. 2S. 6d. 

32. Italian Triglot Dictionary. By Alfred Elwes. Vol. 3. 

French-Italian -English. 2S. 6d. 

«8,30, Italian Triglot Dictionary (as above). In One VoL, 7s. 64. 

3a. Cloth boards. 

SPANISH AND PORTUGUESE. 

34. Spanish Grammar, in a Simple and Practical Form. With 

a Course of Exercises. By Alfred Elwbs. is. 6d. 

35. Spanish-English and English-Spanish Dictionary. 

Including a large number of Technical Terms used in Mining, Engineering, &c. 
with the proper Accents and the Gender of every Noun. By Alfrbd Elwbs 
4s. ; cloth boards, 5s. *#* Or with the Grammar, cloth boards, 6s. 

55. Portuguese Grammar, in a Simple and Practical Form. 

With a Course of Exercises. By Alfrbd Elwbs. is. 6d. 

56. Portuguese-English and English-Portuguese Dic- 

tionary. Including a large number of Technical Terms used in Mining, 
Engineering, 8cc., with the proper Accents and the Gender of eveiy Noun, 
By Alfrbd Elwbs. Second Edition, Revised, 5s. ; cloth boards, 6s. %• Or 
with the Grammar, cloth b oards, 7s. 

HEBREW. 
46*. Hebre^w Grammar. By Dr. Buksslau. is. 6d. 
44. Hebrew^and English Dictionary, Biblical and Rabbinical ; 

containing the Hebrew and Chaldee Roots of the Old Testament Post- 
Rabbinical Writings. "Sy Dr. Brbsslad. 6s. 

46. English and Hebrew Dictionary. By Dr. Beesslau. 38. 
44,46. Hebrew^ Dictionary (as above), in Two Vols., complete, witk 

46*. the Grammar, cloth boards, las. 

LONDON : CROSBY LOCKWOOD AND SON, 
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LATIN. 
19. Latin Grammar. Containing the Inflections and Elementaiy 

Principles of Translation and Construction. By the Rev. Thomas Goodwin. 
M.A., Head Master of the Greenwich Proprietary School, is. 6d. 

10. Latin-English Dictionary. By the Rev. Thomas Goodwin, 

MJl. 2S. 

11. English-Latin Dictionary; together with an Appendix of 

French and Italian "Words which have their origin irom the Latin. By the 
Rev. Thomas Goodwin, M.A. is. 6d. 
10,12. Latin Dictionary (as above). Complete in One Vol., 3s. 6d. 

cloth boards, 4s. 6d. %• Or with the Grammar, cloth boards, 5s. 6d. 
LATIN CLASSICS. With Explanatory Notes in English. 

1. Latin Delectus. Containing Extracts from Classical AuUion, 

with Genealogical Vocabularies and Explanatory Notes, by H. Yodno. u. 6d: 

2. Csesaris Commentarii de Bello Gallico. Notes, and a Geographical 

Register for the Use of Schools, by H. Young. 2s. 

3. Cornelius Nepos. With Notes. By H. Young, is. 

4. Virgilii Maronis Bucolica et Georgica. With Notes on the Buco- 

lics by W. RusHTON, M.A., and on the Georgics by H. Youno. is. 6d. 

5. Virgilii Maronis .^neis. With Notes, Critical and Explanatory, 

bj H. Youno. New Edition, revised and improved "With copious Addi- 
tional Notes by Rev. T. H. L.Lbary, D.C.L., formerly Scholar otBrasenose 
College, Oxford. 3s. 

5* Part I. Books i.— vi., is. 6d. 

5«» Part 2. Books vii.— xii., 2S. 

6. Horace; Odes, Epode, and Carmen Saeculare. Notes by H. 

Young, is. 6d. 

7. Horace ; Satires, Epistles, and Ars Poetica. Notes by W. Brown- 

RiGO Smith, M.A., F.R.G.S. is. 6d. 

8. Sallustii Crispi Catalina et Bellum Jugurthinum. Notes, Critical 

and Explanatory, by W. M. Donnb, B.A., Trin. Coll., Cam. is. 6d. 

9. Terentii Andria et Heautontimorumenos. With Notes, Critical 

and Explanatory, by the Rev. Jambs Davibs, M.A. is. 6d. 

10. Terentii Adelphi, Hecyra, Phormio. Edited, with Notes, Critical 

and Explanatory, by the Rev. Jambs Davibs, M.A. 2s. 

11. Terentii Eunuchus, Comcedia. Notes, by Rev. J. Davies, M.A. 

IS. 6d. 

12. Ciceronis Oratio pro Sexto Roscio Amerino. Edited, with an 

Introduction, Analysis, and Notes, Explanatory and Critical, by the Rev 
James Davibs, M.A. is. 6d. 

13. Ciceronis Orationes in Catilinam, Verrem, et pro Archia. 

With Introduction, Analysis, and Notes, Explanatory and Critical, by Rev. 
T. H. L. Lkarv, D.C.L. formerly Scholar of Brasenose College, Ozfoxd. 
IS. 6d. 

14. Ciceronis Cato Major, Lselius, Brutus, sive de Senectute, de Ami- 

citia, de Claris Oratoribus Dialogi. With Notes by W. Brownrigo Smith 
M.A., F.R.G.S. 2S. 

16. Livy ; History of Rome. Notes by H. YoUNQ and W. B. Smith, 

M.A. Part i. Books i., ii., is. 6d. 
16*. — Part 2. Books iii., iv., v., is. 6d. 

17. '■ — Part 3. Books xxi., xxii., is. 6<1. 

19. Latin Verse Selections, from Catullus, Tibullus, Fr^pertias, 

and Ovid. Notes by W. B. Donms, M.A., Trinity College, Cambridge. S8» 

20. Latin Prose Selections, from Varro, Columella, Vitruvius, 

Seneca, Quintilian^ Florus, Velleius Paterculus, Valerius Maziaitu Sueto- 
nius, Apuleius, &c. Notes by W. B. Donns, M.A. 2s. 

21. Juvenalis Satirae. With Prolegomena and Notes by T. H. S. 

EscoTT, B.A., Lecturer on Logic at King's College, London, u. 
7, stationers' hall court, LUDGATE HILL9 E»a 
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GREEK. 

14. Greek Grammar, in accordance with the Principles and Philo- 
logical Researches of the most eminent Scholars of our own day. By Hans 
Clauds Hamilton, is. 6d. 

15^17. Greek Lexicon. Containing all the Words in General Use, with 

their Significations, Inflections, and Doubtful Quantities. By Hbnry R. 
Hamilton. Vol. i. Greek -English, 2s. 6d. ; Vol. 2. English- Greek, u. Or 
the Two Vols, in One, 4s. 6d. : cloth boards, 5s. 

14,15. Greek Lexicon (as above). Complete, with the Grammar, in 

17. One Vol., cloth boards, 6s. 

GREEK CLASSICS. With Explanatory Notes in English. 
I. Greek Delectus. Containing Extracts from Classical Authors, 

with Genealogical Vocabularies and Explanatory Notes, by H. Young. New 
Edition, with an improved and enlarged Supplementary Vocabulary, by John 
Hutchison, M.A., of the High School, Glasgow, is. 6d. 
S, 3. Xenophon's Anabasis ; or, The Retreat of the Ten Thousand. 

Notes and a Geographical Register, by H. Young. Part x. Books i. to iii., 
IS. Part 2. Boou iv. to vii., is. 

4. Lucian's Select Dialogues. The Text carefully revised, with 

Grammatical and Explanatory Notes, by H. Young, is. 6a. 

5-12. Homer, The Works of. According to the Text of Baeumlein. 

With Notes, Critical and Explanatory, drawn from the best and latest 

Authorities, with Preliminary Observations and Appendices, by T. H. L 

Lbary, M.A., D.C.L. 

Thb Iliad : Part i. Books i. to vi.j is.6d. Part 3. Books ziii. to zviii., is. 6d 

Part 2. Booksvii.toxii., is.6d. Part 4. Books zix. to xxiv., is. 6d. 

Thb Odyssst: Part i. Books i. to vi.^ is. 6d Part 3. Books xiii. to zviii., is. 6d. 

Part2t Booksvii.toxii., IS. 6d. Part 4. Books xix. to xxiv., and 

Hymns, as. 
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